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AREAS CON PRIORIDAD PARA LA CONSERVACION 
DE LA FLORA CRITICA DE PUERTO RICO 


Vicente Quevedo y Peter Ortiz 
Departamento de Recursos Naturales 


RESUMEN 


El Programa Pro-Patruimonio Natural de Puerto Rico 
a través de su ¿nventaríio continuo de recursos bióti- 
cos críticos, ha ¿dentifácado doce áneas importantes 
para La conservación de la ¿lora crítica de Puerto 
Rico. Las especies de plantas consideradas críticas 
son aqueltas especies desdgnadas oficialmente por 
estatutos federales como vulnerables o. en peligro 
de extinción, y aquellas reconocidas como raras pork 
botánicos respetables en Puento Rico. La ¿nforma- 
ción que el ¿nventwuo acumula cormesponde a datos 
sobre el status y la distribución de Los elementos 
críticos se establece a partir de Las Localidades 
naturales que representan un habitat existente, deno- 
minado "ub«cación” por la metodología de patrimonio. 
La prioridad de conservación de estos elementos se 
4nfierne a base del total de ubicaciones conocidas La 
abundancia de ¿ndividuos, el grado de amenazas, el 
éxito reproductivo que demuestra La especie en el 
presente, su presencia en áreas de manejo activo y 
cuán adecuada es 5u protección. 


Las doce áreas identificadas son importantes para 
La protección de La diversidad flortstica de Puento 
Rico, que 4e caracteriza por más de 2,600 especies de 
plantas ¿lorís feras y más de 400 especies de helechos 
en una superficie temitoral de solo 8,863 Km? . 
Contienen estas áreas ¿mporntantes las mefones ubica- 
ciones de todas aquellas especies endémicas y no- 
endemícas que poseen cánco o menos ubicaciones al 
presente. Estas especies son sumamente críticas y 
se estima ungente su protección por 5u conspícuo grado 
de rareza y por carecen de protección sus ubicaciones . 
Algunas de las áreas que aquí se presentan contienen 
ubicaciones de plantas endémicas conocidas de una 
sola Localidad no protegída. 


Se presenta a continuación una breve descripción de 
siete de las doce áreas importantes para la conservación y 
su contenido especial. 


Area de Mogotes del barrio Río Lajas, Dorado, Puerto Rico. 


Esta área queda dentro de la zona de vida húmeda sub- 
tropical (Ewel y Whitmore, 1973). La formación de vegeta- 
ción asociada es la de bosque semi-siempre verde estacional, 
formación compuesta de unas 200 especies de árboles. El 
área contiene una de dos ubicaciones conocidas en el mundo 
para una especie de árbol endémico, Banara vandernbiltíd (Palo 
de Ramón). Otras cuatro especies endémicas también en la 
lista de plantas críticas existen aquí. A saber: 


l. Daphnopsis hellerntana 
ES Tournegfortía flíflora 
a Gausisía attenuata 
4 Polygala cowellíi 


Punta Este de la isla de Viequex, Puerto Rico. 


Este es un ejemplo de un área en la zona de vida seca 
subtropical (Ewel y Whitmore). Las formaciones de vegetación 
aociadas son la arboleda siempre verde del litoral y el pavi- 
mento rocoso. La conservación del área protege la única ubi- 
cación conocida en el mundo de Psidium insulanum , árbol pequeño, 
endémico a Vieques descrito para la ciencia en 1980 por Liogier. 
Otras dos especies de plantas críticas: Cordía bahamensís y 
Epidendrum bifádum, existen aquí. La costa del área ha sido 
identificada como lugar de anidaje de cuatro tortugas marinas: 

Carnetta caretta, Chelonía mydas, Eretmochelys ¿mbricata y Dermochelys 
COnLacea. 


Terrenos alrededor de la Laguna Tortuguero, municipios de 
Manatí y Vega Baja. 


Este lugar está compuesto por la Laguna Tortuguero, cie- 
nagas, planicies de arena silicia y colinas calizas. La con- 
servación del área protegería dos especies endémicas y candi- 
datas a la lista federal, en la categoria 1. A saber: 


(1) Sclería dornadoensías conocida sole de 2UE en el 
mundo, amenazada a desaparecer por la destruc- 
ción de habitat; especie de humedales en sustato 
de arena silicia. 


(2) Cassia mirabilis. Otra especie endémica a la zona de 
arenas silicias del norte de la isla. Conocida 
tres ubicaciones en el mundo. 


La. zona contiene las únicas ubicaciones en la isla de 


catorce especies nativas y de otras 14 especies cono- 
cidas de solo tres ubicaciones. 
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Cerro Las Mesas, Mayaguez, Puerto Rico. 


Esta área se encuentra en la zona de vida húmeda sub- 
tropical (Ewel y Whitmore, 1973). La formación de vegetación 
asociada es la arboleda siempreverde. El contenido especial 
del área incluye a: 


Artstida portoricensis. Yerba perenne, endémica a Puerto 
Rico y candidata a la lista federal en la categoria 2. Cono- 
cida solo de dos ubicaciones en la Isla. 


Otras especies críticas nativas conocidas de tres 
ubicaciones o menos para la Isla existen aquí. Estas son: 
Bothriochtoa saccharacides, Sclenia triglomenata y Solenía cibiata. 


La protección del área extendería los límites de un bosque 
estatal y aseguraría la ubicación de un elemento endémico sin 
protección. 


Desfiladero al oeste del Río Guajataca y mogotes de la inter- 
sección de las carreteras PR 2 y PR 113, Isabela, Puerto Rico. 
Esta área se encuentra en la zona húmeda subtropical (Ewel 
y Whitmore, 1973). La formación de vegetación asociada es la 
semi-siempreverde estacional. La conservación del área resul- 
taría en la protección de 19 especies de plantas críticas, 
incluyendo endémicas, de las cuales 2 están en la lista federal, 


una ha sido propuesta y dos son candidatas, en las :categoríias 
1 y 2, respectivamente. Entre las endémicas se encuentra: 


A (1) Goetzea elegans, Mata Buey, árbol siempreverde, ende- 
mico de Puerto Rico, designado oficialmente a la lista 
federal de especies en peligro de extinción y conocido 
de solo 4 ubicaciones en el mundo y menos de 100 
individuos. Ninguna de las ubicaciones se encuentra 
protegida. 


A (2) Auro dendron pauciflorum, árbol pequeño, endémico a . 
Puerto Rico y descrito recientemente (Liogier, 1982). 
Se conoce solo de esta ubicación. 


A (3) Bumelbtia bellonis, _Tabloncillo, árbol endémico cir- 
cunscrito a las colinas calizas del norte. Se conoce 
de solo 4 ubicaciones en la isla. 


A (4) Schoep fía arenarta, árbol pequeño, endémico a Puerto 
Rico, circunscrito a las arboledas semisiempre verdes 
del litoral norteño de la Isla. Candidata a lista 
federal en la categoría 2. Conocida de 5 ubicaciones, 
varias de las cuales están amenazadas por el desarrollo 
turístico y residencial. 


A (3) Daphnopsis hellerniana, árbol dioico endémico a Puerto 
Rico y candidato a la lista federal en la categoría l. 


Se conoce la especie de 4 ubicaciones, ninguna de las 
cuales recibe protección. 


A (6) Eupator4um otenol, Monachino, arbusto pequeño endé- 
mico a Puerto Rico (se incluye a Isla de Mona), can- 
didata a lista federal bajo la categoria 2. Se 
conoce de 3 ubicaciones con menos de 25 individuos. 


A (7) Antinhea portonicensis, árbol pequeño, endémico a 
Puerto Rico, candidato a la lista federal bajo la 
categoría 2. Se conoce la especie de unos 200 indi- 
viduos distribuidos en 3 ubicaciones. 


Entre las nativas se encuentran las siguientes: 


Zanthoxylum thomasianum;  Manilkara pleeana;  0tto05- 
chulz“a hhodoxylon;  Rollínia mucosa;  Coccoloba 
pallida; Coccoloba tenuifolia; Campylocentrum 
pachyrrhí£zum; Diypetes ¿lcifolia; Licarnia triandra; 
Bacharis díoica; Chíonanthus liígustrainus y Chionanthus 
ax£íLlig¿lornum. 


Las Tetas de Cayey en la Sierra de Cayey. 


Esta área se encuentra en la zona de vida húmeda subtro- 
pical. La formación de vegetación asociada es la de bosque 
siempre verde estacional. El contenido florístico especial 
incluye a: 


(1) Solanum drymophyllum, arbusto espinoso, endémico a 
Puerto Rico, de alta prioridad de conservación en 
nuestro banco de datos (LIEGI) y candidato a la 
lista federal bajo la categoría 1. Se conoce la 
especie solo. de esta ubicación. 


(2) Banara vanderbilti (ya mencionado) 


(3) Maytenus ponceana, Cuero de sapo, árbol endémico de 
Puerto Rico, candidato a. la lista federal bajo la 
categoria 1 y reconocido de solo 4 ubicaciones y 
poco menos de 40 individuos. 


Sector Pasto del municipio de Coamo. 


Esta área se encuentra en la zona de vida seca subtropical 
(Ewel y Whitmore, 1973) e incluye el ecotono entre las forma- 
ciones (sensu Beard, 1944; 1955) del bosque deciduo estacional 
y el semi-siempre verde estacional. El contenido especial del 
sector incluye a: 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Marí4scus unbandá¿, junco endémico a Puerto Rico, 
conocido de solo 3 ubicaciones en el mundo y 
candidato a la lista federal bajo la categoría 1. 


Coccoloba sinteníisi¿, var alba, Uvero de monte 
de inflorescencia blanca. Arbol pequeño endémico 
a Puerto Rico, variedad conocida solo de esta 
ubicación. 


Myractarí£a borínquena, árbol pequeño endémico a 
Puerto Rico, conocido solo de tres ubicaciones. 


Zanthoxylum thomasíanum, árbol pequeño, conocido 
solo de Puerto Rico y St. Thomas y designado ofi- 
cialmente en la lista federal de especies en peligro 
de extinción. Conocida al presente solo de 5 ubi- 
O globales y de solo 10 individuos para la 
Isla. 


Polygala cowell¿, árbol de violeta. Especie endé- 
mica a Puerto Rico y candidato a la lista federal 
en la categoría 1. Conocida en Puerto Rico de unos 
150 individuos en escasa actividad reproductiva. 

En los últimos 5 años el 50% de los individuos ha 
perecido por sequía o corte para postes de verja. 


Eugenía underwood4, árbol endémico a Puerto Rico, 
candidato a la lista federal en la categoría l. 
Conocida al presente de solo 4 ubicaciones y cerca 
de 20 individuos. 


BIOMASS MANAGEMENT AS A RENEWABLE RESOURCE 


Alex G. Alexander 
Estación Experimental Agrícola, UPR 


ABSTRACT 


PLANT BIOMASS ¿5 among the most "natural" 0f Puerto 
Ríco's natural resources. Hundred of plant species found 
a permanent home here well before the aval 04 mankind. 
Hundreds 04 others have contentedty adopted the ¿sLand 
4n more recent tímes. Biomasa 4s also self-renewing. 11 
recurs natuwally <n a multiplicity 04 gorms, with and 
without the intervention of organized farming and forestiy. 
However, ¿£ 4s within the realm 04 plantation management 
that our most productive biomass forms offer theín greatest 
benefits to Puerto Rico. Úften depicted menely as a rene- 
wable fuel source, biomas, benefits extend to Land and 
water conservation, the preservation of wildtife, and the 
supply 0$ raw material forn consumer products formenty 
relíiant on a petrochemicals feedstock base. Presented 
hereín are examples 04 both intensive and extensive ma- 
nagement practices under ¿investigation here sánce the 
mid-1970's. Recent emphasis concerns features of biomasa 
species survival [Longivity), water and fertilizar conser- 
vatíon, and rnestrained use of henbicides ¿n controlling 
competitive plant species. 


INTRODUCTION 


At least superficially, public recognition of biomass as 
an authentic future resource for Puerto Rico has been advanced 
materially during the past decade. In its esthetic and orna- 
mental capacities plant biomass recognition dates from the 
arrival of European colonists (1), if not earlier. But it 
is the more limited function as a fossil-fuel substitute that 
the public gaze has pinpointed. This is gratifying and yet 
disturbing for persons who correctly perceive more comprehen- 
sive applications of biomass. it is a most natural resource, 
but not a free gift, and most certainly not a resource that 
will develop and manage itself. 


Ground-breaking for biomass-management technologies has 
similarly progressed here during the past decade. The first 
proposal for sugarcane management as a discretely-biomass E 
entity was presented in February of 1976 to the UPR President's 


Advisory Committee on Energy. Since that time, based largely 
on insular cane biomass research, the principles of energy 
cane management emerged as one of the few complete technologies 
available in contemporary hard-cover book form. Briefly pre- 
sented herein is the current outlook for managing cane and 
related tropical grasses as a renewable resource. 


CURRENT YIELD AND COST STATUS 


For at least 23 centuries, mankind has recognized the. 
outstanding growth capability of sugarcane but has managed. 
the plant as a sugar resource. Sugar, not growth, has been 
the goal of sugarcane agriculture. Even today, major .sugar- 
cane industries continue to plant cane essentially as a mono- 
lithic sugar crop, while viewing biomass as an increasingly 
important by-product of sugar. The study of cane as a 
multiple-products commodity, that is, as a growth system for 
maximum yield of the whole-cane plant, has been largely a 
Puerto Rican phencmenon. In this perspective the plant pro- 
duces both sugar and biomass as essentially equal product 
partners. Accordingly, the emergence of new uses and products 
for sale from this plant enhances materially its likelihood 
of survival as an agricultural commodity. 


Sufficient progress has been made with cane management 
as a high-growth system so that production costs can be out- 
lined with considerable precision. Input categories are pre- 
sented in Table 1, together with expenditure charges consistent 
with late-1980's realities for the Puerto Rican cane planter. 
Reckoned on a per-acre basis, the total costs, slightly exceeding 
$1,000.00 per acre year, are materially greater than an average 
. '"Colono” would spend for conventional sugarcane in Puerto Rico 
today, ie, about $600.00 per acre year. However, the yield of 
second generation energy cane is vastly higher, in the order 
of 120 tons per acre as opposed to about 30 tons per acre for 
the Colono. hHence, costs per ton are near $8.00 for energy 
cane and approximately $20.00 for conventional sugarcane. 


The most costly production inputs for energy cane are 
planting and replant operations, which are labor-intensive, 
and fertilization. It is very probable that these can be lo- 
wered materially by eliminating the second fertilizer increment. 
It also appears that weed control costs can be lowered by non- 
harvest of residual trash in the ratoon crops. Expenses for 
'""drainage and ditching'” (Table 1) can be eliminated entirely 
in certain soil Series, but on the whole this input is needed 
urgently on a large percentage Puerto Rico's sugarcane lands. 
Moreover, this is a 'permanent' improvement whose cost will 
not recur when the site is replanted. The plant crop ''mana- 
gemt” figure, Table 1-i, refers to the landowner's supervision 
and administrative activities which also are moderately lower 
for ratoon crops. Taken togeher, the costs presented in 
Table 1 very likely can be lowered in the neighborhood of 
$200.00 to 5300.00 per acre. 


MINIMUM - INPUT STATUS AND OUTLOOK 


As noted above, the use of trash to repress weed regrowth 
is an example of costs reduction by eliminating expenditures 
for herbicides and mechanical cultivation. The refined use 
of irrigation resources is another such example. However, 
there is now very encouraging evidence that costs can be 
lowered on a vastly greater scale through '"minimum-tillage" 
agriculture of second generation energy cane. This outlook 
is based on extending the logivity of cane crowns in the 
planted seedbed some 3 to 5 years longer than was formerly 
thought possible. Our likelihood of doing so emerged from 
the "die-hard" performance of an extremely durable and rug- 
ged  Saccharum cultivar, the second generation variety 
US 67-22-2. Hence, in a planting whose productivity remains 
satisfactory through 7 to 10 ratoon crops, the production 
costs of each crop successive to ratoon no. 4 would be con- 
fined to fertilization and a minimal use of labor for weed 
control and area maintenance. This amounts to about $350.00 
per acre year and $2.70 per ton of whole cane. 


Our experience with variety US 67-22-2 to date confirms 
a persistent capability to survive for long periods (at least 
8 years). This includes successive crop years when no human 
inputs of any kind were given (Table 3). ' Equally important, 
the planting retained an equally high capacity for high yield 
performance. After 8 years the survival consists of large 
numbers of still-vigorous plants, not merely traces of weakened 
plants as would be expected of conventional sugarcane hybrids. 
This is perhaps attributable to the relatively primative gene- 
tics of US 67-22-2. Its high content of Saccharum 5pontaneum 
germplasm, as Opposed to S. officinarnum in most sugarcanes of 
commerce, figured prominently in the long evolutionary survival 
of the genus. Specific botanic features already identified 
as survival traits in US 67-22-2 include an underground "self- 
renewal'" of the original crown, and an expansive root profile 
development to exceptionally great depths. The outward appea- 
rance of this plant, in side-by-side comparison with a conven- 
tional sugarcane hybrid, is illustrated in Figure 1. Attaina- 
ble production goals for US 67-22-2 and successor varieties of 
this type are presented in Table 4. 


IMPLICATIONS FOR FUTURE BIOMASS MANAGEMENT 


It should not surprise anyone to learn that biomass is a 
practical and potentially lucrative resource native to Puerto 
Rico. In diverse form and usage it has befriended Puerto Ricans 
since pre-columbian times. Its commercial/industrial production 
costs under current management concepts are acceptable but un- 
_necessarily high. The lowering of these costs, though economi- 
cally motivated, is technically secured in the inherent botanic 
attributes of plant forms such as sugarcane. By curtailing use 
of agricultural chemicals, heavy farm machinery, and non-essential 


irrigation, a management regime emerges that is equally bene- 
ficial in soil and water conservation while assuring acceptable 
tonnage yields for industrial consumers, 


With reference to energy cane, future management has a 
most favored option unique in modern agriculture. It is the 
taking of a large stride '"backward' in the direction of hardy, 
primitive forms that were largely ignored by historic growers 
seeking sugar rather than whole plant productivity. Our 
prediction is that within 20 to 30 years the typical insular 
cane plantation will consist of extremely hardy, self-renewing, 
high yielding and growth oriented forms. They will need 
relatively little assistance from man following their establish- 
ment, but they will increase benefits to man in economic and 
environmental contexts unfamiliar to historic sugarcane planting. 


LOS 


JUL, 
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Figure 1 


A MO 
ET, pa .. . e x De A 
Sus 67-22-24 


Direct comparison of second-generation energy cane (left) and conventional 
sugarcane (right), employing the "paired parallel plot” method developed 

for cane varietal performance evaluations (8). Illustrated above at 5 months 
into the first ratoon (regrowth) crop, the hybrid sugarcane variety PR 67-13-55 
was developed locally as a sugar-producing system. Variety US 67-22-2 was 
imported in 1974 and is recognized for its high-growth capabilities in addi- 
tion to good sugar yields. Because both varieties were given equal produc- 
tion management as energy cane systens, growth distinctions that emerge in 
such trials are of purely varietal origin. 
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CONSIDERACIONES ESTADISTICAS 
DE LA CAZA EN ISLA DE MONA 


José L. Chabert 
Derartamento de Recursos Natwrales 


RESUMEN 


Este trabajo muestra y analiza Los datos obtenidos 
en Las temporadas de caza de cabros y cerdos en Isla de 
Mona durante los años de 1986, 87 y 88. A parntút del 
1986 5e diseñó una nueva metodología para obtener Los 
datos de caza con más confiabilidad. 


La interpretación de Las estadísticas tiene como ob- 
jetíivos principales: 


1) ofrecer al oficial de manejo información más 
completa de como La actividad afecta al ambiente 
y a las poblaciones de cabros y cerdos en La 
ÁBla. . | 


2) ofrecer ¿nformación al cazador para que pueda 
planificar su próximo viaje caza tencendo 
en consideración cuales son Las oportunidades 
de obtener una presa. 


3) recomendar estrategías de manejo para mejorar el 
deporte de La caza en Mona tomando en considera- 
ción factores que podrían afectar el medio ambien- 
Tte. 


A partúl de La temporada de 1988 no hay Límites de co- 
secha por especies en Isla de Mona. En este trabajo se dis- 
cute Los efectos de esta nueva medida y 5e comparan Las 
estadísticas de caza con Los de Las temporadas previas. 


INTRODUCCION 


Este informe presenta y analiza los datos obtenidos en 
la temporada de caza de cabros y cerdos de 1988 en Isla de Mona. 
Para tener un cuadro más amplio de la actividad de caza en Mona 
y sus consecuencias es necesario incorporar este informe a los 
de las temporadas de 1986 y 1987. En el informe de 1986 hace-. 
mos una descripción más amplia del recurso y del posible impacto 
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de los cabros y los cerdos en el ecosistema. En la tabla 1 
se comparan los resultados de esta temporada con los dos años 
anteriores. La metodología utilizada fue la misma de los dos 
años anteriores (ver informe 1986). 


Las estadisticas de caza tienen como objetivo principal 
ofrecer al Oficial de Manejo de Isla de Mona información cla- 
ve para un mejor manejo del recurso además de ofrecer al caza- 
dor la información necesaria para que él pueda planificar su 
jira de caza teniendo en consideración las oportunidades de 
caza. 


METODOLOGIA 


A partir de la temporada de 1985-86 hemos utilizado una 
nueva metodología para obtener los datos de caza de cabros y 
cerdos en Isla de Mona. Establecimos un sistema de permisos 
donde se restringe el número de cazadores por día a un máximo 
de 75 personas y un acompañante (no cazador) por cada permiso 
de caza para un total de 150 personas. 


Se toman los datos en las tres áreas aprobadas para acam- 
par: Sardinera en el suroieste de la isla, Uvero en el Sur y 
Playa Pájaros en el usreste. El cotejo de la cosecha se efec- 
túa en cada campamento al final de la mañana y en la tarde al 
terminar la jornada de caza. Cada cazador es entrevistado 
diariamente después de regresar de su viaje de caza. 


Para la obtención de datos se utiliza el personal asig- 
nado en Isla de Mona, técnicos del Area de Investigaciones 
Científicas, Reservas y Santuarios y personas voluntarias de 
la comunidad. 


__ Para obtener los datos necesarios con la mayor exactitud 
posible diseñamos una nueva tarjeta para apuntar la información 
requerida. 


TEMPORADA 1988 


Un total de 399 cazadores .fueron registrados en Isla de 
Mona durante la temporada de 1988. En Puerto Rico se encuentran 
activos un promedio de 4,000 cazadores, lo que significa que 
alrededor de un 9% del total son cazadores de cabros y cerdos. 


Esta temporada se cazaron 401 animales entre cabros y 
cerdos (345 cabros; 66 cerdos). La primera semana de la tempo- 
rada (del 11 al 14 de enero) fue la de mayor cosecha con 75 
cabros y 9 cerdos. Durante esta primera semana se reportó el 
número mayor de cazadores en Mona (89) así como el número máximo 
(181) de viajes (salidas al campo) de caza. Sin embargo, duran- 
te esta semana, solamente un 38% de las salidas a cazar resul- 
taron en la toma de una presa o más. 
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Un total de 399 cazadores participaron en el censo 
durante la temporada de caza; el promedio general de éxito, 
si se calcula a base de (presas totales/salidas o viajes de 
caza totales) fué 49% (401/819). Este promedio no expresa 
la tasa real de éxito, ya: que muchos cazadores pudieron tomar 
más de una presa. El porcentaje de viajes exitosos (expresa- 
do como el porcentaje de viajes de caza que resultaron en la 
toma de una presa) varía de semana en semana; durante las 
primeras cuatro. semanas solamente 34.3% de los atentados 
(viajes) fueron exitosos. (tabla 2, columa final). En se- 
manas posteriores un grupo obtuvo un 100%, mientras que hubo 
una semana en la cual ninguno de los cinco cazadores partici- 
pantes pudo acertar. El promedio general (a través de la 
temporada) de salidas a cazar exitosas fué de 37.7%. 


De los datos .obtenidos podemos observar que no hay una 
semana en particular que garantice mayores oportunidades de 
cazar cabros. Aunque se cosechó el número. mayor de presas 
durante la primera semana de la temporada, la razón entre pre- 
sas (84 total) y cazadores (89) es menos de uno. En cambio, 
durante semanas de menor actividad (como, por ejemplo, las 
semanas 7, 9, 13, 15, 19 y 22) la razón cazador /presa es igual 
o mayor de uno. Existe una relación entre mayor esfuerzo y 
mayor cosecha en total, mas no necesariamente mayor éxito 
individual por cazador. El éxito va a depender en gran medida 
de la habilidad del cazador. Estas conclusiones son similares 
a las de las temporadas de 1987 y 1986, y contrario a las 
creencias de los cazadores, que siempre han opinado que la 
caza es pobre después. de las primeras dos o tres semanas de 
la temporada. En base a los datos obtenidos de ellos se podría 
decir que no solo se puede sostener esa opinión; todo lo con- 
trario, el éxito promedio (medido como la razón presas cazadas: 
cazadores en la Isla) aumenta según progresa la temporada y se 
disminuye la presión de caza. 


Se efectuaron 819 viajes de caza en toda la temporada 
para un promedio de .50 animales por viaje. Se reportaron 
4,781 horas de esfuerzo donde el promedio de tiempo invertido 
por viaje fue de aproximadamente 6 horas. El cazador exitoso 
cazó por lo menos una presa en un promedio de 3 horas. El no 
exitoso invirtió un promedio de 7 horas buscando su presa. El 
promedio de caza en la temporada fue de .49 animales por hom- 
bre o un ejemplar cazado cada 2 viajes de aproximadamente 5 
horas de esfuerzo (tabla 2). | 


Este año se cazó un mínimo de 56 cerdos, 19 mas que en 
el 1987 y dos mas que en el 1986, La mayoría de los cerdos 
se cazaron en. la zona 7 (zona central) con un 28.57% y en la 
zona 3 (zona noreste) con 21.42% (Figura 1; Tabla 3). El 59% 
de los cerdos cazados fueron machos. En las primeras tres 
semanas de la temporada se cazaron 29 cerdos o el 52% del 
total cosechado para toda la temporada. En estas semanas la 
presión de caza fue mayor que en el resto de la temporada. 
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Debemos tomar en consideración que los cerdos son principal- 
mente de hábitos nocturnos lo que límita en gran medida el 
número de animales a cazarse. 


Un total de 345 cabros fueron cosechados en 819 viajes 
para un promedio de .42 cabros por viaje o un cabro cada dos 
viajes de 5 horas y media de esfuerzo por viaje. Se cose- 
'charon 216 machos y 129 hembras en total, siendo la primera 
semana la de mayor cosecha con un total de 75 cabros. Nueva- 
mente fue la zona 7 donde más cabros se cazaron con un 27.83% 
del total. (tabla 3). 


Los cazadores reportaron observar 1,236 cabros en 819 
viajes para un promedio de 1.50 animales por viaje (tabla 2). 
Estos resultados son bastante similares a los de las  tempora- 
das de 1987 y 1986 donde el promedio fue de 1.53 y 1.91 respec- 
tivamente. 


En la tabla 4 se presenta una relación de colores de los 
cabros cazados. La mayoría de la población de cabros son de 
color marrón o rojizos. Es de interés mencionar que la mayoría 
de los cabros observados en la vecina Isla de Desecheo (A. Meyer, 
com. pers.) son negros. 


DISCUSION 


En esta temporada la caza se efectuó sin límite de cose- 
cha a diferencia de años anteriores cuando el límite era de 
un cerdo y un cabro por día por cazador. Aún cuando se podría 
esperar que el número de animales cazados fuera mucho más, los 
resultados obtenidos indican que en promedio la caza se compor- 
tó similar a los años anteriores. Sin embargo es necesario 
comparar otras temporadas sin límites de caza para determinar 
el a impacto de esta medida en las poblaciones de cabros 
y cerdos. 


Una explicación para este resultado es que aún cuando el 
límite de cosecha fuera de uno, muchos cazadores cazaban mas 
del número permitido y se repartían la cosecha entre otros con 
menos suerte en la caza. Por otro.lado, un gran número de 
cazadores se conforman con una sola pieza de caza tomando en 
consideración que tienen que cargarla hasta el campamento o 
consideran una pieza como suficiente. 


En informes anteriores hemos estimado el número de cabros 
en Isla de Mona en un mínimo de 3,000 individuos lo que resul- 
taría en una cosecha anual de aproximadamente un 10% de la 
población. Wiewandt (1976) cita que para un control efectivo 
de la población debería removerse anualmente entre un 50 y un 
70 por ciento de la población total. Sin embargo en nuestro 
informe de la temporada de 1986 (Chabert, 1986), consideramos 
que el impacto de los cabros en la vegetación no era tan crí- 
tico como se ha considerado a traves de los años. C. Ruíz (1988) 
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considera que una de las razones por la cual el impacto en la 
vegetación no es mayor es que se ha sobreestimado el número 

de la población de cabros. El mismo autor estima la población 
en aproximadamente: 1,500 individuos. lo que implicaría que se 
caza anualmente de' acuerdo a nuestras estadísticas un 20% de 
la población. Matemáticamente una cosecha annual de hasta 20% 
de la población se reemplaza inmediatamente por nacimientos. 


Además de los números de animales que se cosechan anual- 
mente en la temporada tenemos que considerar otros factores 
limitantes como son el clima, el exíto reproductivo y la po- 
sibilidad de que la temporada se este efectuando en uno de los 
picos reproductivos de la especie. La relación de factores 
limitantes pueden resultar en que el por ciento necesario a 
removerse anualmente sea menor que lo antes propuesto y que un 
10 o un 20% sea suficiente para un control efectivo de la po- 
blación. 


Recomendaciones para la próxima temporada 
La Continuar el sistema de permisos implantado a partir de 


la temporada de 1986. El máximo de cazadores debe ser 
de 753 personas y un solo acompañante por cazador. | 


2 Continuar con la temporada sin límite de caza de manera 
experimental. 

de Continuar obteniendo las estadísticas de caza. 

4. No permitir acampar en las cuevas por el consabido daño 
ecologíco a las mismas. 

A Proveer en las áreas de acampar suficientes zafacones. 

6. Se debe contratar a un Paramédico durante la temporada 
de caza. 

7. Ofrecer al cazador de un mapa de Isla de Mona y lista 


de normas a seguir para cazar y acampar en la Isla. 
8. Exigir el uso de material anaranjado tal como lo espe- 


cifica el Artículo ¿'9, Sección 93 del Reglamento de 
Vida Silvestre. 
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ZONA DE CAZA DE CERDOS Y CABROS 


Tabla 3 
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ESTUDIO DE COLUMBIDOS DE CAZA RESIDENTES 
EN LAS TRES ZONAS DE VIDA DE PUERTO RICO 


Frank Rivera Milán 
Departamento de Recursos Naturales 


RESUMEN 


Para estudiar Las tendencias de abundancia relativa 
de Las dos especies de Colúmbidos de caza más importantes 
de La Isla, 15 rutas de 5 millas (cada una) son muestieadas 
mensualmente (1985-88) de forma estratificada en Las tes 
zonas de vida de mayor ánea. [Es decírn 5 rutas de muestreo 
en La zona mojada, 5 en La húmeda y 5 en La seca.) 


Estas rutas son muestreadas siguiendo el método esta- 
blecido en Los Estados Unidos. para estudiar Las poblacio- 
nes de La Tórtola Rabilarga (2. macroura). La metodólogía 
del muestreo, Las tendencias estacionales encontradas y 
5us implicaciones serán discutidas desde puntos de vistas 
bioestadisticos y ecológicos, encaminados hacía el manejo 
efectivo de estas especies de caza. 


ANNUAL PERFORMANCE REPORT 


Project Title: Studies on resident game birds: 
Zenaida Dove and Scaly-Naped Pigeon. 


Study Title: Status, abundance, and population trends 
of Zenaida Dove and Scaly-Naped Pigeon. 


Objective: To determine annual and seasonal trends 
in the three major ecological life zones 
of the Island. 

A. Activities: 

Job 1: Population surveys and relative abundance estimates. 


Procedures: 


Population surveys and relative abundance estimates of 
Zenaida Doves [Zenaída aurita) and Scaly-naped Pigeons (Columba 
£quamosa) are being obtained for a third consecutive year 
(1985-1988) on a seasonal and annual basis in the three major 
ecological life zones of the Island (dry, moist € wet), 


28 


following a random stratified design of S5-mile Principal 
Sampling Units (PSUs). 


Five 5-mile PSUs are sampled once per month, following 
as close as possible the standarized methodology of the coo- 
counts conducted for Mourning Doves (Z. macroura) in the 
United States by the EFWS. 


Total counts (i.e., counts with unlimited detection dis- 
tances) of visual and aural detections of mated and un-mated 
individuals as indices of relative abundance (see Rivera- 
Milán et al. 1987 for further details about methodology and 
study areas). 


Job 11: Population Dynamics. 


Procedures: 


Population- trends are studied on both a seasonal and 
annual basis to detect calling and reproduction peaks of 
Zenaida Doves and Scaly-naped Pigeons in the three major eco- 
logical life zones of the Island. This data is obtained from 
standardized call-and nest-counts conducted at least once per 
month (see Studies 2 $ 3 for details). 


Jobs 1 € 2: Results and Discussion. 


Total counts are following predictable spatial (life zones) 
and temporal (seasons) patterns in the Island, but aural and 
visual detections vary (Coefficient Variance: 19% - 200%) accord- 


ing to factors such as life zone, season, year, and hunting 
status of the PSUs. 


In the wet and moist zones Zenaida Dove calling activity 
appeats to peak between April and May. Calling activity appeats 
to be important from February until at least July (see Figures 


18€ 2). Fall aural detections (late-August - November) appear 
to be minimal. 


In the dry zone calling activity of Zenaida Doves appa- 
rently peaks between April and June, but a second detectable 
peak occurs between September and November (see Figures 3, 4, 
6, € 22). This bimodal pattern of calling is well-correlated 
to the annual bimodality of the rainfall pattern detected 
throughout the years in the Island (Spearman's rho, p<0.025). 
(Refer to other jobs for further discussion). 


On average, April and May stand as the most important 
months for aural detections of Zenaida Doves in the three major 
ecological lifé zones of the Island (see Figues 1, 5 € 6). 


Calling activity of Scaly-naped Pigeons in the wet zone 
appeats to peak during April and May. Calling activity is 
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apparently important from February until at least July. Aural 
detectionsduring fall are negligible (see Figures 7, 9 € 11). 


Aural detections of Scaly-naped Pigeons in the moist zone 
appear to peak between January and February. The calling ac- 
tivity extends at least until July. Fall calling activity 
appears to be minimal (see Figures 8, 9 €: 10). 


On average, January, February and April stand as the most 
important months for aural detections of Scaly-naped Pigeons 
in the wet and moist life zones (see Figures 10 € 11). (Aural 
detections of pigeons in the PSUs of the dry zone are rare). 


As depicted in Figures 12 € 14 (pooled call-counts of 
Zenaida Doves and Scaly-naped Pigeons) April stands as the 
month of peak. Calling: activity can be detectable year-round, 
but the most important portion of the pulse is detected between 
January and July. 


Visual detections of both Zenaida Doves and Scaly-naped 
Pigeons (pooled) peak between July and August. This peak in 
visual detections coincides with the formation of flocks of 
CEN juveniles.at suitable foraging habitats (see Figures 

S . 


Banding experiments are conducted during August in foraging 
habitats with high densities of doves. These experiments are 
expected to yield information on suitable techniques to capture 
and recapture Zenaida Doves in significant numbers. After a 
total of six visits (44 hr.) to Dorado and Santa Isabel millet 
fields during August 1987, no dove could be trapped even when 
combining mist- and cannon nets (see below for further comments). 


B. Significant problems and deviations: 


(1) Urbanization is dramatically increasing both within 
and among PSUs. This certainly endangers the sampling 
continuity of those PSUs that were initially included in 
the sampling scheme of the Project, 


(2) Transitions between old and new PSUs, and experien- 
ced and non-experienced observers, are hard to accomplish 
due to our sampling capacity. 


C. Recommendations: 


(1) After June 1988, conduct call-counts at detected 
calling peaks (January - June). 


(2) Relative abundance indices are highly variable. To 
attain a higher degree of precission and predictability 
in our estimated population trends it would be desireable 
to increase the number of sampled PSUs per month per life 
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zone (F. Bowers, J. Collazo, D. Dolton € P. Geissler, 
personal communications). Since call-counts in the island 
are influenced by several sources of variability, the 
number of PSUs (replicates) per life zone should be in- 
creased whenever funds become available to provide relia- 
ble population indexes and trends. It is desireable to 
start sampling total of 30 stratified random PSUs as 

soon as possible (see Rivera-Millán 1986 unpublished explo- 
ratory data analyses). This amount of replication will 
enable reliable elucidation of annual trends Islandwide 
(desired Coefficient of Variance: 10% - 20%). Presently, 
we are working at an implemented sampling effort of 50% 
(15 sampled PSUs versus 30 desired PSUs). Annual trends 
will be statistically analyzed following the rationale 
developed by P. Geissler (1984). 


(3) The calling pattern of Zenaida Doves in the dry zone 
deserves special attention. It is a research priority to 
continue and expand the sampling scheme of both call - 
and nest - counts at least in this life zone. 


(4) Conduct fall call-counts in the dry zone until 1990. 
The bimodal calling pattern of Columbids in this life zone 
requires several years of replication (1985-1990) on which 
to base management decisions. 


(5) Continue banding experiments during the pre-hunting 
period (August) of the year. Man-power invested versus 
sample sizes attained per locality is a major problem to 
solve in the near future, to start a sound banding routine 
(F. Bowers € J. Collazo, personal communications). 1 agree 
with F. Bowers that banding data will prove to be helpful 
only if large enough sample sizes can be obtained (refer 
to the handbook of Brownie et al. 1978). Probably, a se- 
parate project that deals exclusively with banding efforts 
will be required in the future. (J. Collazo, personal 
communications). 


(6) The Principal Investigator of Project should be able 
to travel to the exterior to major annual meetings and 
symposiums about upland game bird species. 


Study Title: Nesting chronology of Columbid species. 
Objective: To determine nesting chronology of Columbids 
in the three major ecological life zones of 
the Island. 
A. Activities: 


Job.1: Determination of breeding seasons 
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Procedures: 


Nest-counts are conducted in 0.1 ha strip-transects at 
least once per month per nesting locality. Nest-=counts have 
been conducted continuosly since February 1987. At least five 
0.1 ha strip-transects (replicates) are sampled per nesting 
locality. Localities are in close proximity (less than 5 miles) 
to sampled call-count PSUs. 


One full year of data is presented for three localities. 
Guánica Xerophitic Forest (approx. 3,998 ha - dry zone), Cidra 
Secondary Growth Forest Patches € Pastureland Corridors (approx. 
200 ha - moist zone), and Carite Lake Riparian Forest (approx. 
2,765 ha - wet zone). At least 16 0.1 ha strip-transects are 
sampled once per month in Guénica; and five 0.1 ha strips are 
sampled in Cidra and Carite, respectively. 


Due to the bimodal pattern of rainfall and calling detec- 
ted in the dry zone, the number of nest-count replicates has 
been increased both within and among localities. Although, 
presently, one full-year of data has been attained only for 
Guánica, nest-counts are conducted once per month since January 
1988 in four other localities. Santa Isabel (approx. 60 ha) 
and Juana Díaz (approx. 200 ha) Mango Farms, Cabo Rojo 'Uca- 
rillo" (approx. 350 ha) and "Pitahaya" (approx. 960 ha) Scrub- 
land and Mangrove Forest. A total of 48 0.1 strip-trans- 
ects are sampled in these localities at least once per month. 
Hunting is not allowed per se inside any of these localities, 
but hunters have been detected outside all of them within a 
radius of 5-miles. Therefore, Columbid game species nesting 
in these localities during late-August and September might be 
significantly affected by hunting pressure (see Sayre et al. 
1980). We are trying to determine if a significant proportion 
of nesting attempts occur in these localities during the pre- 
“hunting and hunting periods of the year. 


Furthermore, during pre-hunting and hunting periods nest- 
searches are conducted both intensive and extensively inside 
habitats that appear to offer suitable conditions. For example, 
from late-August to early-November 1987, 50 sq. Km. (25 0.1 ha 
replicates) were searched in different localities of the wet 
and moist zones, and 240 sq. km. (120 0.1 ha replicates) were 
searched in the dry zone. 


Nesting success statistics are not being obtained presently 
because localities are only visited once per month, and emphasis 
has been given to chronology studies. 


Finally, expected hatching dates of harvested Columbid 
game species have been calculated (backdating) from 2,862 wings 
of juveniles sampled during the seasons of 1985 - 1987 (see 
Swank 1955; and Hanson € Kossack 1963 for details). 
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Job 1: Results € Discussion 


As depicted in Figure 16, the number of nests found ac- 
tive (i.e., adults flused from the nest, or nest found with 
eggs and nestlings) in Carite “appear to peak during February, 
June and July. Nesting activity extends from December to at 
least August. 


In Cidra the highest number of active nests apparently 
occurs between May and June (see Figure 17). Nesting activity 
extends from January to at least August. 


The nesting chronology studies of Guáñica indicate that 
the highest proportion of active nests occurs between April 
and June. However, a bimodal pattern of active nests was 
detected during 1987 (see Figure 18). The nesting chronology 
pattern detected in the study plots of Guánica, coincides with 
the findings of J. Wiley during 1973-75 (in press, personal 
communications). 


As shown in Figure 19, the overall Columbid species nes- 
ting chronology pattern that emerges when pooling the results 
of the three localities under study is indicative of a nesting 
pulse that peaks between April and June. However, active 
Columbid nests are detectable any time during the year in the 
Island. 


As mentioned earlier, call-counts of Zenaida Doves in 
the dry zone peak between April and May, and, again, between 
September and November. Call-counts in the dry zone are in 
agreement with call - and nest - counts detected at Guánica 
(see Figures 3 € 22). Call - and nest - counts are also in 
agreement with the bimodal pattern of rainfall of Guánica 
(Spearman's rho, p<0.01; see Figure 22). Only four cative nests 
were detected during late-summer and early-fall of 1987, and 
this represents 20% of the activity detected in Guánica. No 
other nesting activity was detectable in the dry zone, even 
after sampling 240 sq. km. of strip-transects. Similarly, no 
nesting activity could be detected in the moist and wet zones 
after sampling 50 sq. km. of transects during the pre-hunting 
and hunting periods of 1987 (Rivera-Milán ongoing research). 


In search for a general pattern of nesting activity of 
Columbid game species in the Island, 2,862 wings of juveniles 
harvested during the fall hunting seasons of 1985-87 were 
analyzed. Molting data of primary wing feathers was stratified 
according to the hunting weekend of interest, and then back- 
dated to the approximate hatching dates. The approximate hat- 
ching dates were determined by grouping into molting categories 
those wings of harvested birds that had growing or recently re- 
placed juvenile by adult feathers (see Swank 1955). The molting 
key developed by Hanson € Kossack (1963) for Mourning Doves in 
Illinois was used to clump the data points on a month by month 
basis. 
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May, June and July were the months in which 60% of the 
hatchings ocurred; 86% of the hatchings ocurred between 
April and August; and, 14% of the hatchings apparently occu- 
red during the hunting season (see Figure 20). Of those 
2,862 hunted juveniles, 1371 (48%) were from the dry zone 
(see Figure 21). Once again, May, June and July resulted in 
the months in which most of the hatchings occured; 90% of the 
hatchings detected occured between April and August, and the 
remaining 10% occured while hunting was ongoing in the Island. 


] In conclusion, hatching dates estimated from the molting 
pattern of harvested juveniles compares favorably with the 
nesting chronology studies conducted at Carite, Cidra and 
Guánica. Several factors may be biasing the results obtained 
in the analysis of the molting pattern of the primary wing 
feathers of hunted juveniles: (1) a failure to age hunted 
birds correctly, since we are basing our observations on keys 
(tipping of wing converts) used for Mourning Doves in the 
United States (this is expected to affect the backdating of the 
Scaly-naped Pigeon); (2) the resulting molting pattern to a 
major extent is derived from traditional hunting areas, and we 
do not know if the samples taken are representative enough to 
dictate a pattern islandwide; (3) it is unknown whether juve- 
niles are more vulnerable to hunters than adults, or vice- 
versa, and therefore over - or under - represented in the sam- 
ples; and, (4) it is expected that at the onset of the hunting 
season natural mortality factors (e.g., ectoparasitism) have 
differentially impacted juveniles th £ hatched earlier during 
the year (i.e., those that hatched earlier might be over-repre- 
sented, and those that hatched on late-summer and early fall 
might be under represented, due to a significant correlation 
of * natural and un-natural mortality factors affecting the 
harvested populations). 


B. Significant problems and deviations: 


(1) Vehicles usually are out of use for as long as three 
to eight months, and we have to rely on vehicles of another 
project (whenever they are accessible). As a result only three 
localities have been sampled for a full-year. At least two 
years of replication are necessary to reliably determine the 
onset and termination of the breeding season of Zenaida Doves 
and Scaly-naped Pigeons in the ecological life zones of the 
Island. Sampling capacity cannot be increased, even at restric- 
ted periods of the year, without adequate support. 


C. Recommendations: 


(1) Implement a sampling scheme per life zone that resem- 
bles as close as possible that developed by Ceissler et al. 
(1982). The number of 0.1 ha replicates in which nest-counts 
are conducted in the moist and wet zones should be increased 
whenever funds are available to gain reliability in the detected 
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patterns, and validate Islanwide extrapolations on which to 
base sound management decisions. In order to make safe extra-. 
polations, a sampling scheme as that developed by Geissler 

et al. (1982) is envisioned. At least four nesting localities 
would be required per life zone (two hunting and two non-hunting 
areas) to assure enough replication at both levels of the fac- 
tor. The problem is to find non-hunting areas that are not 
affected by legal and illegal hunting in their vicinities; and 
this is probably impossible to attain in the Island, since na- 
tural reserves are usually small and lack buffer zones. Hence, 
problems like orphaning of nestings (see Mirarchi € Scanion 
1981; and Hitchcock € Mirarchi 1985) might be expected to 
affect nesting populations in natural reserves during the fall 
hunting season since, for example, radio-tagged mated Mourning 
Doves in Missouri have been detected dispersing up to 7.8 km 
DES to feeding and roosting habitats (see Sayre et al. 


(2) Whenever possible, visit nesting plots at the beginning 
and at the end of every month to be able to calculate nesting 
sucess statistics. 


Study: Title: Fall hunting season statistics of Columbid 
game species. 


Objective: To generate Islandwide hunting statistics of 
Columbid game species 


Job 1: Determination of harvest effort. 
Procedures: 


As in previous years, hunting statistics for the fall of 
1987 were obtained from four sources of information: (1) DNR 
Biologist Field Contacts, (2) DNR Rangers Field Contacts, (3) 
Wing Survey, and (4) Questiomnaires. Information about pro- 
bable opening sites was obtained from field trips, and directly 
a A USRES contacted at Hunting € Shooting Clubs in the 
Island. 


During the fall of 1987, DRN Biologist sampled optimal 
hunting localities in 20 municipalities around the Island. DNR 
Biologist sampled hunting localities during the first seven 


weekends of the season. 

Data from six hunting seasons (1982-87) is presented in 
the form of a global analysis (see Tables 1, 2 8 3).' Age, sex, 
and gravidity statistics are presented for the fall of 1987 
(see Tables 4, 5 € 6). > 
Job 1: Results and discussion. 


Once again, Questionnaires were mailed early during the 
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summer of 1987 to some 1,500 hunters. Only 8% of the questi- 
onnaires were returned, and 3% provided complete information. 
Therefore, the sample size (licenses contacted) generated 

by the questionnaires is considered of limited value when 
estimating hunting statistics. 


After pooling our four sources of information, a total of 
1,062 licenses and 62 municipalities were sampled in 1987; com- 
pared to 852 licenses and 65 municipalities in 1986, 987 li- 
censes and 55 municipalities in 1985, 160 licenses and 58 muni- 
cipalities in 1984, and 170 licenses during 1983 and 1982 
combined (the number of municipalities sampled during 1983 and 
1982 has not been determined yet). These numbers represent a 
significant positive tendency (Kendall's tau, p<0.025) in terms 
of the cooperation received from hunters in the last six years. 


During the past six years the mean number of hunting trips 
per hunter per season has been 5.6 (range: 3.9 - 8.0). And 

the mean number of individuals harvested per species per season: 
1.8 Zenaida Doves, 1.6 Scaly-naped Pigeons, 0.7 White-winged 
Doves (Z. asiatica), and 0.6 Mourning Doves (see Tables 1 € 2 
for details about the the 1986 € 1987 hunting seasons). 


On average, some 28,191 (13,883 s.d.) Zenaida Doves, 
25,204 (8,069 s.d.) Scaly-naped Pigeons, 8,955 (4,105 s.d.) 
White-winged Doves, and 7,140. (3,531 s.d.) Mourning Doves are 
legally killed every fall hunting season (refer to Table 3 for 
details). The Average Total Kills of Zenaida Dove and Scaly- 
naped Pigeon fall within the 95%CL calculated by Rivera-Milán 
(1986) , rd data collected by DNR from 1952 to 1986 (Rivera- 
e et al 1987 Annual Performance Report, and literature there- 
in). 


The best estimate of active dove and pigeon hunters in the 
Island is 2,374 (255s). This estimate compares favorably with 
an independent survey conducted by E. Nieves (DNR- 1986), which 
NS a total of 2,642 Columbid hunters in the Island (Table 
3). 


Except for the first weekend of the 1987 hunting season, 
the age ratio, overall, tended to be biased toward adult birds 
(see Table 4). This age ratio statistics are very difficult to 
interpret, but are consistent throughout the years. The main 
problem is that we lack significant banding data to determine . 
vulnerability indices between species, sexes and ages of har- 
vested birds. That is, for example, we do not know if juve- 
niles are more or less vulnerable to hunters than adults. But, 
probably the most important question to answer is: how repre- 
sentative of reproduction (renewability of the resource) the 
age ratio statistics are? 


Sex ratio statistics consistently tend to favor males (see 


Table 5). The reason (s) for this pattern, as for the age ratio 
statistics, is unknown. However, of the dissected birds that 
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showed swollen gonads between 1986-87, 757% were males. Then, 
the questions to answer are several, for example are birds with 
swollen gonads gravid? are gravid birds more vulnerable to 
hunters? ¡if both sexes present swollen gonads, which sex is 
more vulnerable? are swollen gonads representative of ongoing 
reproduction? are juveniles less vulnerable than gravid adults? 


During 1987 there was a significant positive tendendy 
(Kendal1's tau, p*0.05) of swollen gonads to be found in dissec- 
ted birds that progressed with the hunting season (see Table 6). 
This positive tendency coincided with two other events of im- 
portance (1) a delayed fall rainfall peak that occured in Novem- 
ber; and (2) a delayed Zenaida Dove calling pulse that was detec- 
o o the moist and dry zones in November (see Figures 

; IS : 


In conclusion, the number of call - and nest - count re- 
plicates per ecological life zone should be increased whenever 
funds become available (see Rivera-Milán 1986) to gain precision 
and reliability in the detected population patterns. Call - 
and nest-counts in the dry zone deserve special attention. 
Finally, by expanding the sampling effort of the Wing Survey 
more licenses would be contacted, and more reliable statistics 
would be obtained. 


B. Significant problems and deviations: 


(1) Many hunters remain reluctant to cooperate with 
surveys conducted by DNR, because they do not anticipate 
benefits from the management decisions we are making. 


C. Recommendations: 


(1) Keep on contacting hunters at Hunting € Shooting 
Clubs, as well as in Regional Meetings, to discuss annual 
hunting statistics and management decisions. 


(2) Separate unused portions of lands owned by the Govern- 
ment of Puerto Rico, and start a cultivation plan for grain 
like millet and sorghum. Columbids attracted to these 
areas can be managed to the satisfaction of both scientists 
and hunters. Meanwhile, hunting inside or nearby (buffer 
zones) important nesting areas should not be allowed. 


(3) Create a special Team of Technicians to cover pigeon 


hunting at least during the first five hunting weekends of 
the season, whenever funding permits. 
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INDIVIDUALS HEARD 


FIG. 1 ZENAIDA DOVES HEARD IN THE WET ZONE 
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FIG. 2 ZENAIDA DOVES HEARD IN THE MOIST ZONE 
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INDIVYIDUALS HEARD 


FIG. 3 ZENAIDA DOVES HEARD IN THE DRY ZONE 
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INDIVIDUALS HEARD 


FIG. 4 ZENAIDA DOYES HEARD IN THE LIFE ZONES 
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INDIVIDUALS HEARD 


FIG. 5 MEAN NUMBER OF ZENAIDA DOVES HEARD IN THE MOIST ZONE 
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INDIVIDUALS HEARD 


FIG. 6 MEAN NUMBER OF ZENAIDA DOVES HEARD IN THE DRY ZONE 
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INDIVIDUALS HEARD 


FIG. 7 SCALY—NAPED PIGEONS HEARD IN THE WET ZONE 
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INDIVIDUALS HEARD 


FIG. 8 SCALY-NAPED PIGEONS HEARD IN THE MOIST ZONE 


30 


20 


0 MOIST 
10 


J ASONDJ AMS J ASONDJ FMAMJJ ASONDJ FMAMJ 
MONTHS OF THE YEAR (JULY 1985 - JUNE 1988) 


47 


FIG. 9 SCALY-NAPED PIGEONS HEARD IN THE WET VS MOIST ZONE 
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FIG. 10 MEAN NUMBER CF PIGEONS HEARD IN THE WET ZONE 
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MDIVIDUALS HEARD 


FIG. 11 MEAN NUMBER OF PIGEONS HEARD IN THE MOIST ZONE 
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FIG. 12 ZENAIDA DOVES 8. SCALY-NAPED PIGEONS HEARD IN THE LIFE ZONES 
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FIG. 13 ZENAIDA DOVES 8 SCALY-NAPED PIGEONS SEEN IN THE LIFE ZONES 
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FIG. 14 MEAN NUMBER OF DOVES 8. PIGEONS HEARD IN THE LIFE ZONES 
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INDIVIDUALS SEEN 


FIG. 15 MEAN NUMBER OF DOVES $. PIGEONS SEEN IN THE LIFE ZONES 
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FIG. 16 SCALV-NAPED PIGEON NESTING CHRONOLOGY AT CARITE 
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ACTIVE NESTS 


FIG. 17 S.n. PIGEON $ Z. DOVE NESTING CHRONOLOGY AT CIDRA 
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ACTWE NESTS 


FIG. 18 ZENAIDA DOVE NESTING CHRONOLOGY AT GUANICA 
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FIG. 19 OVERALL S.n. PIGEON 8 Z. DOVE NESTING CHRONOLOGY 
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EXPECTED HATCHINGS 


FIG. 20 EXPECTED HATCHIN6S Of 2,862 HUNTED JUVENILES 
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EXPECTED HATCHINGS 


FIG. 21 EXPECTED HATCHINGS OF 1,371 HUNTED JUVENILES 
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FIG. 22 IN. OF RAIN, INDIVIDUALS HEARD 8 ACTIVE NESTS AT GUANICA 
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TABLE 1: Mean number of individuals hunted per species per trip 
during the nine hunting weekends of fall 1986, based 
on a global analysis of the data*, 


Weekend Z.Dove W.w.Dove M.Dove Ss.n.Pigeon 
1 2.6 1.1 0.6 0.5 
2 1.7 0.8 0.3 1.1 
3 2.3 0.6 0.3 1.9 
4 1.4 0.4 0.6 2.0 
5 2.4 0.5 0.4 1.7 
6 2.8 0.3 0.3 2.7 
7 1.8 0.1 0.7 4.0 
8 1.6 1.2 0.2 3.7 
9 1.3 0.9 0.2 3.5 
Overall 
Mean: 1.9 0.6 0.4 2.3 
(0.58) (0.4s) (0.28) (1.28) 
Overall 
Cripling - 
Loss: 134 28% 15% 154 


*The global analysis of fall 1986 hunting season is based on the 
four sources of information: Wing Survey, Questionnaire, DNR 
Biologists Field Contacts and DNR Rangers Field Contacts. A 
grand total of 852 licenses and 65 (out of 78) municipalities 
are included in the analysis. 
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TABLE 2: Mean number of individuals hunted per species per trip 
during the nine hunting weekends of fall 1987, based 
on a global analysis of the dataf*, 


Weekend Z.Dove W.w.Dove M.Dove S.n.Pigeon 
1 2.6 0.9 0.5 0.8 
2 1.8 0.4 0.2 1,7 
3 Vea T 0.6 0.2 2.2 
4 1.9 0.6 0.6 3.6 
5 0.7 0.1 0.2 3.3 
6 0.9 0.5 0.4 Sd 
7 0.4 0.1 0.2 3.2 
8 1.3 0.1 0.1 300 
9 1.4 0.0 0.0 3.4 

Overall 

Mean: 1.4 0.4 0.4 2.8 

Overall 

Crippling 

Loss: 7% 157 10% 10% 


*The global analysis of fall 1987 hunting season is based on 
“three sources of information: Wing Survey, Questionnaire and 
DNR Rangers Field Contacts. The DNR Biologists Field Contacts 
are presently under analysis. A grand total of 1,062 licenses 
and 62 (out of 78) municipalities are included in the analysis. 
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TABLE 3: Total number of individuals killed from 1982 to 1987 


during the fall hunting season, based on a global 
analysis of the data* 


1982a 198 3a 1984b 19850 1986d 1987d 


S.n.Pigeon 24,600 8,300" 19,144 16,713 37,047 28,516 


Z.Dove 51,300 35,200 16,561 22,144 30,072 13,869 
W.w.Dove N/A N/A N/A 11,851 10,757 4,258 
M.Dove N/A N/A N/A 10,968 6,443 4,010 


*Total Harvest = (Mean No. Individuals per Species per Hunting 


Trip) x (Best Estimate of Active Dove € Pigeon 
Hunters) x (Mean No. of Hunting Trips per 
Season). 


Total Kill = Total Harvest + Crippling Loss. 


The Best Estimate of Active Dove € Pigeon Hunters is based on 


seven years of hunting data available at the DNR files: 
Mean = 2,884.0 

Standard Deviation = 255,0 

95%4C.L. = 2,374 - 3,394, therefore, 2,374 is taken as the 
most conservative value on which to base hunting statistics. 


Not Available. 
Unreliable statistic (see Hammerson et al 1983 Annual 
report). 
Hammerson et al (1982). Annual Report. 
Hammerson et al (1983). Annual Report. 
Collazo et al (1984). Annual Report. 
Moreno et al (1985). Annual Report. 
Rivera-Milan et al (1986). Annual Report. 
Rivera-Milan et al (1987). Annual Report. 


TABLE 4: Age ratio of Columbid game species harvested during 
the fall of 1987, based on the Wing Survey*. 


Weekend Juveniles/Adults 
1 363/301 = 1.2 
2 137/256 = 0.5 
3 71/138 = 0.5 
Y 56/153 = 0.4 
5 33/81 = 0.4 
6 19/44 = 0.4 
T 10/50 = 0,2 
8 8/29 = 0.3 
9 3/20 = 0.1 


*165 licenses and 58 municipalities were contacted thru the Wing 


Survey, compared to 523 licenses and 65 municipalities contacted 
during 1986. 
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TABLE 5: Sex ratio of Columbid game species harvested during 
the fall of 1987, based on the DNR Biologists Field 


Contacts*. 


Weekend Males/Females 
1 145/109 = 1.3 
2 23/29 = 0.8 
3 22/20 = 1.1 
Y 19/16 = 1.2 
5 30/24 = 1.2 
6% 38/40 = 0.9 
7% 33/15 = 2.2 


*573birds were sexed during the fall of 1987. After seven 
weekends of field contacts with hunters, 873 birds and 295 


licenses were sampled. 
**This data was kindly provided by the Gurabo Hunting Club 
(D. Ramos €« A. Ortiz personal observations £ communications). 
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TABLE 6: Percentage swollen gonads found in dissected doves 
pigeons harvested during the fall of 1987, based on 
DNR Biologists Field Contacts*, 


Weekend Percentage 
1 56/245 = 23% 
2 17/64 = 26% 
3 14/57 = 24% 
Mi 12/59 = 20% 
5 18/69 = 26% 
6%e 27/41 = 66% 
7% 26/38 = 68% 


*573 birds were dissected after 295 licenses contacted. 


**Data provided by the Gurabo Hunting Club; after weekend five 
male Zenaida Doves and Scaly-naped Pigeons were detected 
calling in the localities sampled (D. Ramos € A. Ortiz personal 
observations 4 communications). The peak of rain of 1987 
ocurred in November (see text). 
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EL IMPACTO DE LAS EXTRACCIONES DE ARENA BAJO EL 
NIVEL FREATICO EN LA ZONA COSTANERA DE PUERTO RICO 


Andrea. Handler y Rojeanne Salles 
Departamento de Recursos naturales 


RESUMEN 


Este estudio documenta Las extracciones de arena bajo el 
nivel freático en la lona Costanera y examína el impacto de estas 
operaciones sobre los ecosistemas y La hidrología subtemiánea. 
Se ¿identificaron 20 extracciones bajo el nivel freático en dife- 
rentes etapas operacionales. De éstas, se seleccionaron tres (3) 
para realizan estudios detallados. los hallazgos reflejan Lo 
s4guiente: (1) Las extracciones bajo el nivel freático afectan 
La hidrología subtermánea Local cambiando Los patrones de flujo, 
bajando el nivel fieático en Las dunas y áreas adyacentes y des- 
plazando La interfase de agua dulce y salada, (2) el material 
de relleno utilizado para restaurar el ánea de extracción no 
alterna signifácativamente el acuífero sempre y cuando 4us pro- 
piedades hidráulicas comparen con La arena extraída, (3) el pro- 
ceso de extracción afecta dinectamente La sucesión ecológica de 
Las plantas y Las poblaciones de animales, (4) el proceso de 
restauración no tiene como objetivo recobrar ni desarrollar hábitat 
para La vida silvestre. Las recomendaciones sugeridas van duu- 
gídas al mejoramiento del proceso evaluativo de Las solicitudes 
de extracción bajo el nivel freático, a entender Los posibles 
efectos advensos de esta actividad sobre el ambiente y a ofrecer 
alternativas con el ¿in de minimizar el impacto de éstas s40bre 
La zona costanera. 


INTRODUCTION 
Puerto Rico's coastal zone, which has been defined to extend 1 km in- 


land (PR CMP, 1978), has historically been an important source of sand for 
use in the construction industry for several reasons: | 


Accessibility: Topographically low and level terrain facilitates road 
preparations and transportation. Low population density allows a certain 
flexibility in site choices. 


Availability: Deposits occur in known accretional environments with 
economically attractive storage capacities and resource renewal potential. 


Minimm j t Requirements: Loose, imcemented deposits (in most 
cases) facilitate oval , preparation and dispatching (often without a 
sifting or storage phase). 
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Cleanliness; Typically, coastal sand requires only simple sifting 
techniques for sorting, ranging from a wide fixed mesh to vibrating belt 
equipment. Water is not employed and there is no need for establishing 
sedimentation ponds, 


Market: High sand quality (varied grain sizes, law CaCOz and humus 
content) makes it attractive for a wide range of uses that indlude: the 
preparation of cement mix, cement blocks and pipes, road asphalt and plas- 


tering sand. 


Coastal sand mining takes place in the intertidal zone, dunes, back- 
dune and areas further inland (Fig. 1). Mining procedures extend from 
simple hand shoveling into awaiting trucks to complex set-ups involving 
various types of heavy equipment. Large extraction operations focus main- 
ly on the backdume zone and inland areas, and involve shallow surface 
scraping, up to one meter above the water-table, and open pit excavations 
up to four meters below the water-table (wet-pits). 


The Puerto Rico's Department of Natural Resources is the goverrment 
agency responsible for monitoring mining activities, among them sand ex- 
traction from the coastal zone. Direct supervision is rendered by per- 
-somel fran one of the seven corresponding Puerto Rico's Department of 
Natural Resources (PR DNR) regions. Time, experience and an increased awa- 
reness of the potential impacts generated by the mining process have per- 
mitted improvements in extraction techniques, methodologies, systematiza- 
tion of permit evaluations and the implementation of more detailed technical 
evaluation procedures, Nevertheless, these improvements have not been 
uniforly applied to all permit applications or active operations, 


The economic value of the extraction industry in Puerto Pico has not 
been properly appraised. Complete data on the total quantity of meterials 
mined to date from the island's tapped denosits, including those from the 
coastal zone, has not been compiled. Fxtractors are not required to report 
the actual amounts of sand mined, except when mining activities take place 
in public lands under the jurisdiction of the PR DNR (i.e. rivers, inter- 
tidal zone, submarine areas) in which case, a royalty to the government has 
to be paid. In particular wet-pit operations focused in this study, are not 
subject to royalty payments, Therefore, a reliable total volume of sand 
mined each year form the coastal zone through wet-pit development is una- 
vailable. 


Historically, the short term economic gains associated with sand mining 
operations have generally overshadowed both short and long term environmental 
impacts. As a result, management approaches have been exploitive and have 
not properly integrated product demand, site selection and maing practices 
with limitations on the rate of resource replenishment and with potential 
environmental disturbances, 


The magnitude of the envirormental impact generated by wet-pit mining 
has not been systematically assessed. Continued inadequately quantified, 
managed and monitored extractions have resulted in substantial modifications 
of the coastal zone topography and ecologic balance. A review of the com- 
piled literatured failed to identify a complete set of criteria that could 
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be applied to mitigate negative enviromental impacts resulting from wet- 
pit operations under local conditions. Very little background data exists 
about the impact of this activity on the coastal hydrologic and ecologic 
system in Puerto Rico. The main pints of local reports are mentioned 
below. The findings from this study give a new perspective from which 

to review some of these points, 


The only field study that focuses on the possible impacts of sand 
scraping on ground-water flow was done by Zack (1983) for a site in Camuy. 
A battery of piezometers was installed bordering the Camuy mangrove to 
measure hydraulic gradients and salinity distribution, The author mentions 
that lowering of the sand dies and inland areas altered the overland 
drainage to the forest, exposed the water table and promoted ponding. The 
study concludes that: 


"The removal og sand between the dunes 
and the Camuy mangrove probably afectas 
the mangrove community only ¿nsofar as 
4£ has contríbuted to sand dune degra- 
datíon. The effect that extraction has 
had on ground-water ¿Low £s minómal, and 
¿n £tselg, would not have been cause for 
concem with respect to maintenance 0f 
the mangr1ove community." (p. 20) 


A brief theoretical report on the impact of wet-pit mining on ground- 
water was prepared by Vázquez-Iñigo (197%. Based on the Ghyben-Herzberg 
Principle he concluded that since wet-pit mining is a superficial operation 
that does not alter the promd-water level, the location of the salt water- 
fresh water interface is not affected by this type of activity. 


Soto (1982) evaluated the conditions of the beach strip fronting a 
wet-pit operation in the Añasco Bay (the site corresponds to pit ¿4 in 
the prepared inventory discussed later). He concluded that reducing the 
buffer zone between the maritine zone (MZ) and the operation from 5Um to 
6m would not have an adverse effect on the shoreline/coastal stability of 
the studied segment. 


A geologic study that discusses mining methodology, availability of 
sand bala the water table and hydrologic characteristics of sand to be 
mined and the limestone to be used for backfilling at a particular site 
was prepared by Vélez (1983) (The site studied corresponds to pit ¿9 in 
the prepared inventory discussed later). This report constitutes, to the 
best of our knowledge, the first serious effort to compile the necessary 
techmical information on which to base a sound permit decision, An inte- 
resting point made in this report is that results of a simple comparative 
test, measuring permeability rates of the in-situ limestone and sand, 
showed that the limestone had a permeability value that compared favorably 
with the sand values, 


The tw major potential problems associated with wet-pit mining are 


mentioned tin Morris (1985): ' (1) alteration of ground-water flow, 
(2) inland migration of salt water. Morris states that wet-pit mining 
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should not have a significant effect on regional groumd-water flow, even 

if the backfill material has a lower permeability than the original sand, 
as long as mining is not extended in a continuous line (of several hundred 
meters) parallel to the shoreline. A barrier of lower permeability backfi1l 
could obstruct gromd-water flow promoting inland ponding, particularly 
during the rainy periods. As a mining strategy, he reconmends limiting the 
lateral extent and depth of mining sectors, in order to pemit ground- 

water flow through undisturbed pockets of sand. He also suggests, that 
permeability tests be conducted to compare sand and backfill permeability 
values, Itis reconmendations have been incorporated as part of this study. 


In another aspect, test borings conducted at several potential mining 
sites have aided the PR DNR to determine resource availability below the 
water-table. Findings (lithology and ground-water levels) have been 
included in reports incorporated in many of the case files, Unfortumately, 
this information together with other useful data, has not been grouped to 
provide an overall view of these conditions in preferred mining sites. 


In view of the need for infortation on mining impact and general tech- 
nical guidelines applying to wet-pit sand mining in the coastal zone, the 
PR INR Extraction Committee formally requested on March 14, 1985 that a 
study be undertaken, | 


Within this framework, the purpose of this task was to evaluate wet- 
pit operations to: 


“ Produce an island-wide inventory of extraction sites; 
* Characterize abiotic and biotic aspects at selected mining sites; 
* Compile a bibliography of relevant literature; 


* Examine the criteria used by PR DNR for evaluating extraction 
sites, mining methods and restoration techmiques; 


* Produce a preliminary sand mining databank to aid in the teclmical 
decision making process; 


% Describe the impacts of wet-pit mining on coastal hydrologic and 
ecologic systems; and | 


* Offer management alternatives to minimize adverse impacts on the 
Island's coastal zone. 


This report documents coastal zone wet-pit sand mining and examines 
the impacts of these operations on ecosystems and ground-water hydrology. 
Section 2.0 discusses the laws and regulations that apply to wet-pit mining. 
Mining processes and resulting impacts are described in section 3.0. The 
following two sections, 4.0 and 5.0, describe the methods used in this 
study, coastal wet-pit mining history and the criteria used to choose 
the sites discussed, General information, mining history, geology, soils, 
hydrology, flora and fauna for each of the monitoring sites is covered 
in section 6.0 and 7,0. Section 8.0 presents a discussion of mining 
impacts on wildlife habitat. The following section 9.0, list a summary 
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of findings and conclusions. Resulting recomendations from this task are 
included at the begiming of this report. 


This is an edited manuscript. For detailed information on the 
following listed entries, included in the original report submitted to 
the Office of Coastal Resources ement (OCRM) and the National Oceanic 
and Atmospheric Administration (NOAA), please refer to the copy of this 
report found in the PR INR library: 


** Appendixes 


A-I "Note to the file'' authorizing extraction below 
the vater-table, March 12, 1981. 


A-II Plaming Board Letter dated June 24, 1980. 
A-IITI Plamming Board letter dated November 22, 1985. 
A-IV Outline: Task 7.2 


A-V Progress Report: General Hydrogeology of Selected 
Coastal Sand Extraction Sites in Puerto Rico. Prepared 
by the United States Geological Survey, Water Resources 
Division. 


A-VI Geologic and Soil Nomenclature 


*X* Detailed Mining History, Geology and Soil descriptions and Flora and 
Fauna listing of observed species for the Camuy, Aguada, Ponce and 
Loiza sites, 


** Site photographs corresponding to Camuy, Aguada and Ponce. 


** Figure 3 - Location of sand extraction sites. 


LEGAL ASPECIS 


Prior to the creation of the PR DNR, the Puerto Rico Department of 
Public Works (PR DPW) regulated mining operations under the Sand, Gravel 
and Stone Act, Law No. 132 of June 25, 1968, In 1972, by virtue of Law 
No. 23 of June 20, known as Organic Law, of the Department of Natural 
Resources, this reponsibility was transferred to the newly created PR DNR. 
Later anmendments (Law No. 144 of June 3, 1976 and Law No. 54 of June 27, 
1987) further modified Law No. 132, 


In October 10, 1977 the Secretary of the PR DNR, under the authority 
conferred to him by Article XIX of Law No. 144, adopted a set of regula- 
tions on the extraction of materials from the Earth's crust. An anmend- 
ment to these regulations was approved on November 24, 1986, 


Unlide other mining activities, wet-pit mining involving backfill 


is not regulated. Specific provisions are listed only 'In the cases 
where permission is requested for the excavation, removal or dredging 
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of materials from the Earth!'s crust with the express intention of creating 
a pond or lake...' (Art. 6, PR DNR, 1978, bai ourts). The y 
written references authorizing extractions below the groud-water level 
implying the need to restore the area by backfilling the reforestation 

is through a "Note to the File" signed by the Earth's Crust Section Direc- 
tor on March 12, 1981 (Appendix 1). This note inclused specific provisions 
regarding lc requirements and general technical procedures. Con- 
sequently, se procedures have been implemented as an intradepartmental 
norm. 


The operation criteria for this type of extraction activity have 
been stipulated in the mining permits as Special Conditions and Limitations. 
They consist of particular mining methods and restoration procedures deve- 
loped gradually through experience. 


The extraction permit, signed by the Secretary or Authorized Person, 
legally binds the extractor to meet all the mining provisions (legal and 
technical) therein included. The Secretary is empowered to modify, suspend 
or revoke the permit if the judges that any of the permit clauses or pro- 
visions of applicable law are violated, or ¡if the mining operation signifi- 
cantly altered the local environmental conditions (Art. 16, PR DNR, 1978). 


By 1981 a special clause was being included in all wet-pit mining 
permits that stated that such authorization was subject to reevaluation 
once the PR DNR obtained the necessary data related to the impact of the 
mining process on the ecology and hydrology of the site. Based on related 
findings the PR DNR would decide whether to continue or suspend a given 
operation. 


To guarantee the restoration of the extracted area, as stipulated 
in the extraction permit, a Performance Bond is requited for all wet-pit 
operations. Although several mining sites have been abandoned without 
adequate restoration, as of this date the PR DNR has not executed a 


single Bond. 
MINING PROCESSES AND IMPACIS 


Process 


According to mining procedures currently required by the PR DNR, sand 
extraction in the backdune zone and inland areas begins by using a front- 
end loader to remove material in a uniform mamer, layer by layer, over 
the permitted work area. Using this scraping technique the maximm depth 
of operation, if not otherwise stated, is to 1m above the water-table 
or mean sea level (MSL), whichever is higher. The existing top soil is 
saved for later spreading during the restoration process. In most cases 
extractions most stay 50 m away from the MZ, leaving a buffer zone where 
material canmot be mined or deposited. The width of this buffer zone may 
vary if a natural or man-made dune line exists, particularly if it falls 
within the dimensions established for remant dumes (Width=10m, Height=8m, 
Slope=1H1:IV, Art. 4, Sect. 4.2, PR DNR, 1978), or if a mangrove forest 
exists. 


Further excavation develops a wet-pit, using a dragline to remove 
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material from the bottom. Currently, the pits are allowed to have a 
maximum surface area of 2,000 m2, preferably following a rectangular 
shape measuring 50 m by 40 m, though often the shape resulting from 
mining is irregular and awtavard to measure. Pit depth is usually stipu- 
lated as not to exceed 4 m. Excavation pits have to be backfilled with 
approved materials; (1) as wet-pits are individually opened and exploited 
in a random distribution in a mining site (individual wet-pits), or (2) 
simultaneously, as mining proceeds in a continuous line within the site 
(continuous wet-pits). 


The main criteria for backfill selection has. been that it allow the 
free flow of interstitial water at all times. Authorized backfill 
material has ranged from limestone, solid fragments of igneous origin 
(e.g. granite, andesite, granodiorite) and/or serpentinite or volcanic 
sand, which may be combined with Jlimestone, to a mixture of limestone 
and cement dust (with a 1:2 ratio, mixed previous to deposit), Other 
material may be presented to the PR DNR “or consideration and approval. 
Although there have been pits almost completely backfilled with topsoil, 
this is not a desired practice for it signifies a waste of fertile material 
that should prefereably be used for surface spreading and ground prepara- 
tion for reforestation. In addition, even thougn illegal, construction 
debrís and junk has been deposited in wet-pits, mainly with the idea of 
reduciny, the needed volume of authorized backfill; this lessens the cost 
of the backfill process, since adequate material often needs to be trans- 
ported from a distant source. 


Alternatives for the final elevation of the rehabilitated site include: 
(1) the pre-extraction land levels, (2) a minimum elevation of lm above 
the water-table or MSL, or (3) adjustment to an intemediate elevation 
according to site characteristics. Option (1) has never been fully enfor- 
ced. The usual practice has been to leave the sites lower than pre-extrac- 
tion elevations, sametimes even below the lm mark. in all cases, proper 
grading is required to allow adequate surface and subsurface drainage. 


Areas potentially available for mining have in the past been divided 
into three equal parts gnd more recently, into portions of 3 cuerdas 
(4.85 acres or 19,615 m%). Mining is authorized to begin in one lot at a 
time. Once the extraction in the first lot is near campletion and most 
of the area backfilled, a tectmical inspection is conducted to determine if 
mining can continue into the adjacent lot, A complete restoration process 
consists o£: 1) backfilling the wet-pit, 2) raising land levels, 3) uni- 
formily distributing the original topsoil over the backfill, and 4) planting 
the disturbed area with local vegetation, Often restoration procedures 
stop, temporarily or permanently, at one of these stages. 


Impact 


Land preparation for mining in the coastal zone invlolves the total 
removal of existing vegetation. The land surface is often left exposed for 
months, representing a period of high vulnerability to surface ersosion. 

As mining progresses, the backdume and inland topograpliy become very uneven 
due to accumulation of processed and unmprocessed material, continued scraping, 
and pit develorment. 
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Land perturbations due to mining can be distinguished in the field 
and from aerial photographs using the following identification criteria in 
camparision to adjacent terrain: (1) sparse and/or absent vegetaion, (2) 
abrupt topographic changes such as sharp land cuts, depressions, and 
remmant uncut land, (3) signs of erosion and gully development, (4) wet- 
pits, (5) water ponding in low terrain, (6) piled material, (7) inland 
dime slope failure, and (8) machinery /processing plant. 


The lowering of land levels by mining can increase flooding probabi- 
lity, particularly in already flood-prone areas, and may also result in 
long-term ponding. With respect to the issue of flooding, the Puerto Rico 
Plarming Board (PR PB) has confired the applicability of Regulation No. 13 
(PR PB, 1972) to rining permits. The PR PB states (Appendix II and III): 


1) míntng «n areas ¿dentified as Flood- 
Zone 1 could be authorized «f «E 48 
previously determined that such activity 
wLe not increase flood Levels or velocity 
04 the water ; 


2) although normally, wet-p£ts do not 
reduce the hydraulie capacity 0f the area, 
a hyduulic analysis should be required for 
each potential mining site to show that 
mining ui£e not alter the surface hydro- 
Logy, forcing a reclassiféication 04 flood- 
zone susceptibilY . 


Some scraping operations have exceeded the maximum allowable depth, 
promoting temporary ponding when the water-table, usually directly controlled 
by tidal fluctuations, surfaces or when the high tide enters the lowlands. 

Á case in point is located to the east of the urbanization Corales de 
Hatillo, north of HWY ¿f2 in the north coast, Indirectly, sites subject to 
these modifications become temporary wet-pits. 


Several past sand extraction operations below the water-table have 
left open wet-pits, These areas that were not backfilled have become man- 
made lakes or ponds. Their current use varies from recreational purposes, 
as the northeast and northwest pits in Loiza (pits ¿2 and 3 in the pre- 
pared inventory discussed later) to areas of diverse wildlife sustenance, 
as in the northwest pit in Loiza. 


METHODS 
Site Selection 


An island-wide inventory of wet-pit' extraction sites was prepated by 
means Of a permit file search (Permits Office, PR DNR), conversations with 
past Permit Office directors and current employees, aerial photograph eva- 
luations and field inspections of sites to verify information. From this 

1 of data the criteria to determine the type of study to be conducted 
for each site was formulated. Three sites were selected for detailed 
analysis and four for analysis of fauna and/or flora only. The ramaining 
thirteen pits listed were subject only to the preliminary file inspection 
to determine the applicability. 
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Complete Monitoring Sites 


Three sites representing different coastal ecological zones at diffe- 
rent stages of the wet-pit mining process were chosen for detailed study. 
Pertinent permit files were thouroughly reviewed to become familiar with 
the peculiarities of each operation and to outline the site's mining 
history. Twelve field visits were made to each site between July 1987 and 
March 1988 for data collection. Surface photographs were taken to document 
site conditions, 


Changes in land use and floristic composition were determined from 
aerial photographs corresponding to 1963, 1964, 1971, 1977, 1978, 1986 
and 1987 at a scale of 1:20,000. Vegetation maps were prepared using 
some of these photographs to show the changes observed for each site, 
before, during and after mining operations. The existing flora present in 
the extracted and undisturbed nearby areas was compared by means of vege- 
tation profiles. 


The biological study was limited to the most conspicuous macrofauna, 
vertebrate and invertebrate species found in both disturbed and undisturbed 
nearby areas. Bird count censuses were conducted by foot at dawn and dusk 
along predetermined transects, Field sightings were recorded to structure 
a species list for marmals, reptiles, amhibians, birds and crustacemns. 


The United States Geological Survey, Water Resources Division (USGS 
WRD), conducted a hydrologic investigation of these sites to determine 
lithology, water quality, water levels, flow patterns and hydraulic proper- 
ties of the shallow aquifers, A total of sixteen test wells were drilled 
to depths ranging fran 8,5 ft (2.6 m) to 37 ft (11,3 m); at least one well 
per site was installed near the open wet-pit and another in an undisturbed 
zone which served as control (according to site conditions at that time). 
The wells were monitored for changes in water levels and water quality 
from August to December 1957, Hwdraulic tests (slug-injection) were com- 
pleted in September 1987 to determine the nydraulic conductivity at each 
well site. Bathymetry and conductivity profiles were prevared for two of 
these wet-pits,. 


Site geology, soils, and susceptibility to flooding and the stom wave 
swash were described for each site using existing maps, field data and 
interpretation of drilling cores, 


Partial monitoring sites 


Existing flora and/or fama and land use were described for four open 
wet-pits, three of them in the same locality, Experimental fishing was 
done in one abandoned lake by members of the Marine Section, Scientific 
Investigation Area, PR DNR. Fish were sampled using a 275 ft (83.82 m) 
experimental gill net and a 50 ft (15,24 m) bag seine, kept in the water 
for 10.54 hrs. Three nets were located in the north part of the open-pit 
and three in the south. Captured fish were identified, measured, and 
weight. Three fishermen and residents were interviewed for fishing infor- 
mation. 
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Literature search 


Information related to wet-pit mining was requested from selected 
agencies and organizations both locally and outside Puerto Rico, A 
literature search was conducted thr the Dialog Information Service 
via the University of Puerto Rico. All literature and documents received 
were amalyzed and included in a bibliography list. 


Island-wide Inventory 


Twenty open pit mining operations below the water-table, at various 
stages of development, were identified within the limits of the coastal 
zone. These have been geographically located and coded as described in 
Figure 2. Twelve operations (607%) have left abandoned open pits; three 
SD were backfilled; and five (25%) are active wet-pit operations' 

e-L). 


Prior to the establishment of the PR INR in 1972, four operations 
of this type were authorized by the PR DPW in the mmicipality of Loiza. 
The sites have been identified in the field since the pits were left open 
and are clarly visible due to their size. They have been listed in the 
prepated inventory as pit numbers 2, 3, 4, and 5 (Table 1). Evidence of 
earlier extractions of this type were not found. 


Towards the end of the 1970 the PR DNR began to authorize extractions 
below the water-table. During this time three permits were granted, dis- 
tributed in three mnmicipalities: Mayaguez, Loiza and Ponce (Carlos Santana 
and Leovigildo Vázquez, former directors of the Permits Office, pers. camm.). 
Because the Loiza pit is still open, its location was pinpointed using the 
1977 aerial photograph and corroborated to exist within the limits of the 
coastal zone. This pit has been identified as pit ¿6 in the prepated in- 
ventory. Case files for the Mayaguez and Ponce operations were not found 
to verify their exact locations or if they occurred within the coastal 
zone limits. Therefore, they were not included in the prepared inventory. 


In the decade of the 1980s there was an increased interest in mining 
the sand deposits available below the water-table. Twelve (60%) of the 
extractions identified in this study were granted during this decade 
(Table 2). Mining operations have concentrated in. the northwest coast, 
which could be explained by the following reasons: 


Geology: The best sand deposits for construction purposed are of 
non-organic terrigenous origin; these have been widely distributed 
along the north-northwest coast The deposits on the south are more 
saline and have a higher content: of organic matter, malcing them less 
suitable for construction nurnoses. 


Extractor: lost of the extractors that mined the island's surface 
sand devosits (e.g. dimes and ¡inland areas) were located in the north- 
west area. Once these reserves were depleted, many extractors invested 
in the tapning of subsurface deposits, 
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Development: Many of the subsurface sand devosits that could have 
been exnloited are no longer accessible due to urban expansion, In other 
areas, private land owners have shown greater interest in urban development 
rather than mining. 


The three cases selected for detailed study, as outlined in Appendix 
IV, correspond to pit numbers: 7 (Camy), 9 (Aguada) and 16 (Ponce) 
(Figures 2 and 3). Selection criteria was based on geographical location, 
operational status, type of backfill material used, size of mining area, 
existence of ecoiogically important systems in or nearby the extraction 
site representative of each area and proximity of unmined areas providing 
comparative information (Table 1). 


Land uses, flora and/or fama were outlined for pits ¿2,3 and 4 in 
Loiza. Vegetation changes are illustrated for vit ¿8 in Camy. The se- 
lection criteria for these pits are described in Table 1, A study file of 
each of the remaining pits was prepared to obtain relevant vermit informa- 
tion. 


COMPLETE MONITORING 'SITES: GENERAL INFORMATION - Camuy 


Municipality: Camuy PR DNR REGION: Arecibo 
TOPOGRAPHIC MAP: Camuy Quadrangle SITE ACCESS: Road PR-485, 
Fig. 4) Km. 2,2, Bo, Membrillo 
PIT NUMBER: 7 (Photo la) PIT CODE: Abandoned Open Pit 
APPROX, EXTRA AREA (*): AVERAGE DISTANCE FROM: 
66, 793 MZ (*%): 80m 
(17 cuerdas) 
APPROX. SIZE,OF PIT (*): PIT DEPTH: 
1,964 m2 Max,: N/A 
(0.5 cuerdas) Min.: N/A 
TYPE OF BACKFILL: Limestone, sand 
topsoil 


RESTORATION STAGE: Incomplete backfill ECOSYSTEMS: 
Natural succession 
revegetation Pre-mining: Hay fields, 
Coconut groves 


Post-mining: Seasonal marsh, 
herbaceous swamp, coastal thicket 


FLOODING SUSCEPTIBILITY (**): None 
STORN WAVE SWASH: Not available 


(*) Source: January 1987 aerial photograph 
(**) Source: FEMA (1978) 
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O A: 


File records indicate that by 1977 this area was being scraped. Towards 
the end of 1978 the water-table had been reached, and ponding was evident, 
In January 1979 mining was authorized to extend 3m below the water-table. 
The type of backfill material to be used and the final land elevations were 
not svecified in the permits issued, File reports indicate that backf£i11 
material was obtained from the limestone hills located to the south of the 
active wet-pit area. 


By January 1980 the area had been backfilled up to the water-table, 
leaving a depression 3-6m below the main access road (PR-485), The preocu- 
pation of possible permanent ponding was brought to the attention of the 
Permit's Office, 


By Sevtember-November 1982 mining had ceased but the wet-pit remained 
open; salinity tests in the pits suggested saline contitions at this time. 
In October 1983 mining was resumed. During subsequent years, the operator 
incurred in several permit violations. 


On June 1985, based on recommendations issued by the Extraction Committee 
in May 1985, an additional permit was denied based on failure to appear at 
hearings held in the PR DNR to review permit violations. Since that date 
no mining has taken place. Currently, there exists an open pit in the east 
section of the site; the restored extraction area (to the west of the open 
pit and south of PR-485 is about 5 to 6 meters below PR-485. 


GEOLOGY AND SOILS 


According to Monroe (1963) the sand deposits mined in this site corres- 
pond to the Blanket sand deposits (Qbs) of Quaternary (Pleistocene) age 
that overlay the Camuy Formation (Fig. 5). 


The limestone fill was obtained from the nearby hills identified as 
the Upper member of the Camuy Formation (Tcu) of Tertiary (Miocene) age 
(Monroe, 1963) (Fig. 5). 


The Soil Conservation Service (1982) identified the following soil 
units in the mined area: Tp - Tropopsanments and RIC - Río Lajas Sand (Fig. 5). 


HYDROLOGY 


Six test wells were drilled in this site to gather lithologic, water 
quality, and water-level data, '"Slug' injection tests were performed in 
all wells to determine relative hydraulic conductivities and/or transmis- 
sivities of the site. Well distribution, methodology, results of tests and 
well monitoring are described and sunmarized in tables and figures in 


Appendix V, 


Test wells number 6, 7, 8, 9 and 10 were drilled in backfilled areas. 
Test well mmber 11 was installed in an unmined area, | 
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FLORA 


In 1963, prior to the begining of mining, most of the upland site 
was dedicated to agriculture (hay fields) (Figure: 6 and 7c), Other exis- 
ting vegetation consisted of coconut palm groves located along the north 
end of the study site between Road PR-485 and cultivated lands (Fig. 6), 
These areas were later subjected to mining. 


A semi-evergreen seasonal forest, located on the nearby limestone hills, 
was disturbed by mining. The extracted material was used for partial back- 
fill of the areas subject to sand extraction. The aerial photo of January 
1977 showed changes in cover distribution and plant associations due to 
sand scraping operations (Fig. 6). Sparse pioneer vegetation covered the 
extraction area, surrounded by a costal thicket association (Fig. 6, 7a, 
7b). This vegetation replaced part of the coconut groves and the hay 
monoculture that existed in 1963, 


Between 1977 and 1937 considerable changes occurred in the study site 
and nearby areas (Fig. 6) The aer hal photo of 1987 indicated the existence 
of four distinct commonity types corresponding to site topography and hydro- 
logic zones: Open water (abandoned open pits; photo 1b), seasonal marsh 
(photo lc), coastal thicket (photo 1d, le), and herbaceous swamp (photo 1f). 
In addition, the aerial photo showed two barren land sections: one of them 
was an area corresponding to a filled wet-pit and the other to a limestone 
quarry. Findings from several surveys conducted during July 1987, February 
aná March 1988, indicate that these conditions still persist, 


FAUNA 


Sixteen species representing four animal groups were recorded for triis 
site during July 1987 and January 1988, 


Amphibians, reptiles and manmals were found throughout the extracted 
site. Bird use of this site was limited to roosting and probably feeding. 
Only one avian species (common gallinule) used the wet-pit for nesting. Two 
chicks of this species and one adult were observed during the survey. 


GENERAL INFORMATION - Aguada 


Municipality: Aguada PR DNR PEGION: Aguadilla 
TOPOGRAPHIC MAP: Asuadilla SITE ACCESS: Road PR: 115 
Quadrangle (Fig. 8) | Km, 17,0, Bo, Río Grande 
PIT NUMBER: 9 (Photo 2a) PIT CODE: O- Active Open Pit 
APPROX, EXTRACTED AREA (*%) : AVERAGE DISTANCE FROM: 
141 ,444m2 MZ (*) ; 200m 
(36 cuerdas) Rio Grande de Aguada: 20m 
APPROX. SIZE OF PIT (*): PIT DEPTE (+9); 
7,858m2 (2 cuerdas) Max: 2.3m Min: 1,6m 


TYPE OF BACKFTLL: Limestone 
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RESTORATION STAGE: In process ECOSYSTEM AND USES: 


Pre-mining: Sand dune 
vegetation, palm grove 


Transitional: Sparse pioneer 
vegetation, open water 


Post-mining: Barren land 


FLOODING SUSCEPTIBILITY (+**); 
Within the 1O00YR floodplain 


STORM WAVE SWASH: Not Documented 


— 


(*) Source: January 21, 1987 aerial photograph 

(*) Source: Field measurements Sen adjusted to MSL) (Appendix 
V, Figure 22) 

(***) Source: FEMA (1982) 
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MINING> HISTORY 


As mentioned earlier, Veléz (1983) discussed in a preliminary geolo- 
gic study the mining methodology, availability of sand below the water 
table and hydrologic characteristics of the sand and limestone to be used 
for backfilling in this site, This information served as a useful tool 
during the permit evaluation period, 


On May 1984 a three year permit was issued with specific clauses for 
sand and limestone mining: the latter to be obtained from hills to the 
southeast of the sand extraction site. 


During these years, communication between the extractor and PRDNR have 
discussed continual violations. By mutual agereement the final restored 
land levels have been stipulated to be 2m above MSL, with adequate slope 
to provide surface flow and mining ponding, Mining is currently active 
and progressing towards the east, 


GFEOLOGY AND SOILS 


The sand deposits mined in this site have been identified as Beach 
deposits (Qb) of Recent age (Monroe, 1969) (Fig, 9). 


The fill material for this site is obtained exclusively from the lime- 
stone hills to the south, identified as Cibao Formation (Tc), This unit 
is of Tertiary age (Oligocene-Miocene). (Fig, 9). 


The Soil Conservation Service (1975) has identified the Cataño sand (Cd) 
as the soil unit present in the mined area (Fig, 9), 


HYDROLOGY 


Five test wells were drilled in this site to gather lithologic, water 
quality, and water-level data, ''Slug'" injection tests were performed in 
all wells to determine relative hydraulic conductivities and/or transmis- 
sivities of the site. Well distribution, methodology results of tests 
and well monitoring are described and sumnmarized in tables and figures in 
Appendix V. 


Test wells were installed in the following areas: rmmbers 12, 13, and 
14 in backfill; mmber 15 in an unmined sand site; and number 16 in the 
limestone fill deposit. 


FLORA 


Site vegetation prior to the begeining of mining behind the backdune 
area was an upland type consisting of a coconut palm canopy with a weedy 
herbaceous understory (Fig, 10, 11), This former upland was the center 
of mining operations for this site (Photo 2b), Figures 10, lla, and 1lb 
illustrate the changes in vegetation due to mining. Pioneer vegetation 
convered the backfilled areas as wet-pit development advanced (Photo 2c); 
nevertheless, a great portion of the backfill is still imvegetated (Photo 
2d). 
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The sand dune was covered with dense shrubs, grasses, and sparse palms 
(Fig. 11), This system was partially altered when the backdime area was 
scraped and later capped with top soil removed from the adjacent extraction 
site (Fig. lla) (Photos 2e, 2f, 2g). 


The other system impacted by mining in this locality was a semi-evergreen 
seasonal forest, found on the nearby limestone hills (source of the backfill 
material), As long as sand extraction continues, this deposit will be 
mined for backfill and the plant association affected, 


Other plant associations surrounding the extraction site have remained 
in umaltered conditions. To the south, there exists a wide area dedicated 
to sugar cane production. To the west, the river bank is characterized 
by typical riverine vegetation (giant grasses), 


The mining operation is moving the east, where remants of the upland 
plant associations existing prior to mining are found (Photos 2h, 2i), 


FAUNA 


A total of eight species representing three families were recorded 
during July 1987 and March 1988, which included the following curstaceans 
(1 sp.), reptiles (2 sp.), and birds (5 sp.). 


Several burrows of ghost crab were found adjacent to the extraction site 
in a palm grove area. Pioneer vegetation was an important feeding habitat 
for Zenaida Dove and finches. The close proximity of the Rio Grande River 
explains the presence of estuarine-marine avifauna like the frigate and 
brown pelican, which used the river for feeding. 


No fauna was recorded in the active mining operation area, 


GENERAL INFORMATION - Ponce 


MUNICIPALITY: Ponce PR DNR REGION; Ponce 
TOPOGRAPHIC MAP: Pta, Cuchara SITE ACCESS: Road PR-2, 
Quadrangle Km, 256,8, Bo. Canas 
(Fig. 12) 
PIT NUMBER: 16 (Photo 3a) PIT CODE: O Active Open Pit 
APPROX, O AREA (7): AVERAGE DISTANCE FROM: 
125,72 MIZ (*): 150m 
( 32 cuerdas) Mangrove Forest: Om 
APPROX, SIZE OF PIT (+): PIT DEPTH (**): 
7,858m Max.: 2.2m 
( 2 cuerdas) Min.: 1.6m 


TYPE OF BACKFILL: Limestone, 
cement dust, const, debris, junk 
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RESTORATION STAGE: In progress  ECOSYSTEM AND. USES: 


Pre-mining:  Deciduous 
seasonal forest, 
seasonal marsh, 
manerove swamp 


Post-mining: Young 
thorn scrub, salt flat, 
open water, barren land 


FLOODING SUSCEPTIBILITY (+x*x) 
Within the 100YR floodplain 


STORM WAVE SWASH: Not documented 


(*) Source: January 2, 1987 aerial photograph 

(A%) Source: Field measurements (Adjusted to MSL) 
(Appendix V, Figure 21) 

(***) Source: FEMA (198la)  ' 


in this area began before October 1977, A file report indicates 
that by this date the extraction site was covered by approximately lm of 
water and that the pits had been partially backfilled with junk, A February 
1977 file report indicates that extraction previous to 1971 created wet- 
vits that were backfilled with construction debris and junk. 


By November 1980 most of the land east and south of the extraction site 
had been backfilled with solid construction debris and limestone. A ponded 
area existed to the southwest of the wet-pit. 


Towards the end of 1980 a three year permit specifically authorizing 
wet-pit mining was issued; the type of backfill and final land levels were 
still not specified. In August 1983 the extractors requested authorization 
to backfill with a mixture of cement dust and limestone at a 2:1 ratio as 
authorized at another extraction site (pit 118), This was approved by the 
PR INR on September 1983, By December, the backfill material was changed 
to consist mostly of igneous fragments and/or serpentinite and/or other 
approved material, 


The operation has extended into the adjacent mangrove forest to the 
south. Currently, mining is progressing to the east, 


Similar to the previous sample cases, this operation has been continually 
having problems obtaining a balance between extraction and backfilling rates. 
Consequently, these operators have often incurred in violation for exceeding 
the maximum pit area and for backfilling with umauthorized material. 


GEOLOGY AND SOILS 


The coastal zone deposits mined in this site consist of Quaternary Beach 
deposits (Qb), Alluvium (0a), and Swamp deposits (Qs); all of Holocene age 
(Krushensky and Monroe, 1978) (Fig. 13), 


The limestone fill was mostly obtained from the Ponce Limestone (Tp) 
of Tertiary Miocene) age. (Fig, 13), 


The Soil Conservation Service (1979) has identified the following soil 
units in this mining site: Mevos sand (Mv) and Sewano Sand (Se). 


HYDROLOGY 


Five test wells were drilled in this site to gather lithologic, water 
quality, and water-level data. ''Slug' injection tests were performed in 
all wells to determine relative hydraulic conductivities and/or transmis- 
sivities of the site, Well distribution, methodology, results of test 
and well monitoring are described and summarized in tables and figues in 
Appendix V. 


Test wells mumber 1 and 2 were drilled in backfilled areas: wells num- 
ber 3, 4, and 5 were installed in unmined areas, 
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"FLORA 

The aerial photo interpretation of this site reveals that pre-mining 
site conditions were significantly modified (Fig, 14), In 1971, before 
mining began, three major floristic associations were present in the 
study site (Fig. 14, 15a), The upland portion sustained a deciduos sea- 
sonal forest interrupted by a seasonal marsh. In the southern portion 
of the site there was a mangrove forest, 


The aerial photos of 1986-87 show that upon extraction, the seasonal 
marsh areas became: salt flats, shallow ponds (Photo 3b), upland areas 
covered by scrubs and mangrove swamps dominated by Conocarpus enectus 
(Fig. 14) (Photo 3c). The deciduous seasonal forest changed to sparse 
young-thorn scrub mixed with salt flats (Fig. 15b) (Photo 3d), The 
immer part of the mangrove swamp, recently extracted and backfilled, is 
being covered by sparse pioneer vegetation, although a great portion 
of the backfill is still unvegetated (Photo 3e, ef, 3g), 


The northern portion of tne extracted area was backfilled approximately 
ten years ago, At present, the mining is taking place in the southern 
section in an east-west direction over the salt flat areas (Photo 3h, 31). 
As the open pit is being filled, material is deposited on adjacent mangroves 
and mudflats (Photo 33, 3k). 


Historically, the mangrove swamp deposits were subject to hand shoveling 
(Fig. 15b), This type of mining created several shallow ponds that up to 
this date lack emergent vegetation (Photo 31), The effect of this extraction 
will not be considered in this study, 


FAUNA 


A total of 63 species were renorted for this site as a result of surveys 
conducted on July 14-17, 1987 and January 22-23, 1988, The following 
animal groups and numbers of species were represented: Crustaceans (5), 
Amphibians (2), Reptiles (4), Birds (48) and Manmals (4). 


Five species found are endemic, two are listed by Federal and State 
Laws as endangered or threatened, Another species is included in the Watch 
List of the PR NHP. 


The salt flats and shallow pond areas were heavily utilized by herons, 
egrets, plovers and sandpipers as feeding and roosting habitats, The peri- 
feral zone served as nesting for Least Tern. Four active nests were found 
during the July 15, 1987 survey, Mangrove swamp and associated unvegetated 
shallow ponds were used by crabs, semi-acuatic and terrestrial avian species. 
The renmant of a deciduous seasonal forest served as habitat for resident 
avian species and is of primary immortance in attracting migrating birds 
such as the wood warblers. Avifaimal use of the backfilled area closer to 
Road PR-2 was limited to exotic species, Reptiles, amphibians and manmals 
were found throughout the extraction site and adjacent areas as well. No 
fauna was found at the active mining operation area, 
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PARTIAL MONITORING SITES - GENERAL INFORMATION - Loiza 


MUNICIPALITY: Loiza 


TOPOGRAPHIC MAP: —Canóvanas 
Quadrangle (Fig. 16) 

PIT NUMBERS: 2, 3, 4 

APPROX. EXTRACTED AREA (*%): 


Same as size of Pits 
indicated below 


APPROX. SIZE OF PIT (*): 


Pit 42: 157,160m2 (40 cuerdas) 
Pit 3:  43,219m* (11 cuerdas) 
Pit ¿ó4:  35,36lm? (09 cuerdas) 


TYPE OF BACKFILL: N/A 
RESTORATION STAGE: None 


FLOODING SUSCEPTIBILITY (***); 
Pit 32: 
Pit 13: 


PR DNR REGION: San Juan 


SITE ACCESS: Road PR-187, 
Km 8.5, Bo, Mediania Baja 
PIT CODE: Abandoned Open Pit 


AVERAGE DISTANCE FROM: 


MZ (4%): Pit 42: 80m 
Pit 33: 20m 
Pit 4: 880m 


PIT DEPTH: (+**%) 
Max.: Pit 42: 22.7m 
Min.: Pit 42: 1.0m 


ECOSYSTEMS AND USES: 


Pre-mining: Palm groves 
Agriculture 


Post-mining: 
and herbaceous swamp; 
Recreational and fishing 


Open-water 


Within the 100 and 500 YR floodplain 
Within the 500YR floodplain 


Pit 4: Within the 100 YR floodplain 


STORM WAVE SWASH: Not documented 


(+) Source: 
(Ax) Source: 


January 24, 1987 aerial photograph, 
Bathymetry map prepated by Surveying 


Section, PR DNR (September 1977) 


(***) Source: FEMA (1981b) 
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MINING HISTORY “AND USES 


According to available information, sand extraction in these pits 
took place before 1972. The pits were never backfilled and they now 
serve purposed as indicated in Table 1, 5 


FLORA 


ining, agriculture, residential and turistic developments have modified 
the floristic components of the area since mining took place, Therefore, 
it is difficult to determine the direct changes resulting from the extrac- 
tions. However, the open bodies of water and the surrounding swamps can 
be attributed as being products of wet-pit operations, 


Prior to mining and development, the site vegetation consisted basically 
of Palm groves. Currently, as shown in figure 17, there are many plant 
associations present at this site. 

FAUNA 


Fourteen species were recorded for pits ¿2 and 43. The following animal 
groups and number of species were represented: amphibians (2), reptiles (3), 
brids (4), and fishes (5). 


Fresh-water fish was recorded for pit ¿2 during April 4, 1988. Common 
gallinule used this pit for nesting. Three chicks and two adults were ob- 
served. 


Terrestrial and semi-aquatic birds, amphibians, and reptiles were seen 
using transitional areas for roosting, cover and feeding. 


Several individuals of antillean painted turtle were observed around 
wet-pit margins covered by Typha dominguens4s. 


In pit ¿3 only two aquatic birds were observed: common gallinule and 
caribbean coot, which is one of the critical elements of the PR NHP and 
a candidate to the Federal List under category mumber two, 

IMPACTS ON WILDLIFE HABITAT 


Mining directly affects the ecological succesion of plants and animals 
and wildlife habitat, Study findings that support this are discussed below: 


1. Wetlands turned into upland systems, At the Ponce site, a mangrove 
swamp and a seasonal marsh were filled as a result of mining operations that 
raised lamd level. 

2. Xerophytic upland systems turned into wetland and open water systems. 
The Camuy nd Loiza sites, here wet-pits have been left open, are examples. 

3. Man-modified wetlands improved wildlife use of these areas, As a 
result of sand scraping in Ponce the existing wetland was altered, creating 


shallow ponds and salt flats favorable for sustaining semi-aquatic fama, 
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4. ed man-made wetlands: provided limited wildlife support. 
Use of acteristic wetland species was poor, No 
fish were found in the abandoned wet-pit. This may be partly explained 
by: a): the absence of diverse habitats, b) low nutrient concentrations 
and organic matter input to the pond, c) small size of the abandoned pit, 
in addition to d) it being a closed system, In contrast, the mummber of 
characteristic wildlife wetland species found in the Loiza pits was 
greater; fish species found were introduced. Both sites sustain a com- 
parable overall number of species, although the Loiza sites are about 
fifteen years older than the Camy site. This suggests that unless aban- 
doned wet-pits are specifically managed to support wildlife, their : poten- 
tial use for this purpose will be greatly reduced, 


5. * Removal of fóód, niestine sites and escape cover áreas for wildlife 
through the mining vrocess. In Ponce, a Lesst Ten nesting area was 
destroyed and roosting and feeding areas for various aquatic and semi.- 
aquatic organisims were dug'out and backfilled, In Aguada, forage areas 
for the Zenaida Dove and exotic finches were backfilled and ghost crab 


burrows were destroyed. 


6. Removal of secondary succesion vegetation and destruction 
of wetland at several sites.  Deciduous seasonal forest, seaso- 
nal marsh, mangrove swamp, and coastal thicket were completely 


removed, 


7. Natural vegetation succession occurred at sites where 
restoration had not been completed or at abandones sites. Invasive 
pioneer vegetation spread rapidly and hindered the regeneration of pre- 
existing vegetative cover, In Camuy, most of the area is covered by herba- 
ceous pioneer vegetation that was established at least five years ago. In 
contrast, tine vegetation cover found in the northern part of the Ponce site 
(one of the oldest mining areas) is sparse and dominated by Prosop4s. Because 
of the dry climate, natural succession is expected.to be slow in the south 


coast. 


8. At active extraction sites, natural succesion is hindered when the 
restoration process, inte ted for a time, is resumed. Generally, there 
1s a time lapse between the besinin g aná completion of the restoration 
process, that may extend many months, even years. During this time, pioneer 
vegetation is established. This attracts wildlife, especially avian species 
that feed or nest in early succession vegetation, as observed in the Ponce 
and Aguada sites. Because restoration procedures are not aimed to create 
or preserve wildlife habitat, most incidental habitats created at these 
times are later destroyed when restoration is resumed, 


9. Areas under active mining were found to have no wildlife. Similar 
findings have been described by Spa and Og 1968). Surface mining 
activities cause constant disturbance and displacement of wildlife. In 
some areas this situation is more critical than others, depending on svecies 
diversity, population size and whether the area was used for foraging, nesting 
or roosting activities. | 
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SUMMARY OF FINDINGS 


1, Twenty wet-pit mining operations were identified within the limits 
of Puerto Rico's coastal zone, Twelve (60%) wet-pits have been left open; 
three (15%) have been backfilled; and five (25%) are active operations. . 


2. Wet-vit mining operations have proliferated during this current 
decade. Most of the operations have concentrated in the northwest coast of 
the island, 


3, The current regulations to control the extraction of meterials 
from the Farth's crust do not contain specific criteria for permit evaluation, 
operational methods and restoration requirements for wet-pit mining. 


4. Review of the mining history at selected sites reveals several 
management problems: 


a, There is a lack of consistency in the mining and 
mitigation procedures established in different mining 
vermits, even for the same or similar sites, 


b. Extraction, backfilling and restoration procedures are 
not always enforced, 


c. Extraction operations are permitted to continue, even 
though violations persist. 


5. There are inadequate teclmical data to properly evaluate proposed 
mining sites, techniques and environmental impacts, 


6. Sand mining operations disrupt the natural coastal zone landforms. 
Many past extractions have left open pits; the PR DNR has never executed a 
Performance Bond to backfill and restore mining sites, 


7. Land levels are lowered by mining. Therefore, flooding probabi- 
lities increase in already flood-prone areas. The PR PB has confirmed the 
applicability of Regulation No. 13 to mining operations, They require of 
the PR DNR to determine if the proposed mining activity will significantly 
increase flood levels or velocities, 


8, Wet-pit mining of coastal sand deposits can locally affect the 
ground-water hydrology of coastal zones, It can result in the lowering of 
water levels at the due area with eventual migration inland of the freshwater- 
saltwater interface, The extent to which this will occur depends on climatic 
and hydrogeologic conditions of the area, With the information obtained, it 
is not possible to determine a critical pit size or a maximm length of time 
a pit should remain open before significant changes begin to take place. 


9. At present, wet-pits are recuired to be backfilled. The general 
practice has been to backfill extracted sites to the minimum requirements 
(lm above MSL), The most common fill material used is limestone, followed 
by residual sand, volcanic sand and tonsoil. Construction debris, junk, aná 
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cement dust was corroborated to have been used in some places, 


10. Backfill used to restore the site will not severely alter the 
ground-water system, as long as the fill material has similar hydraulic 
properties as the original extracted sand. When local hydraulic conduc- 
tivities in the aquifer are significantly altered by the backfill used, 
natural ground-water flow patterns will be nermanently distorted. 


11. In the area of Camuy, the sand extraction site has been partially 
backfilled with apparently high permeab + material. As a result, surrounding 
heads in the local shallow aquifer have probably been permanently depressed. 


(Appendix V). 


12. In Aguada, sand mining operations appear to have caused local 
changes in the hydrology of the site. The area where sand extractions have 
occurred was backfilled with materials of lower permeability than the ori- 
ginal sand deposits. As a result, a water-table mound apparently has deve- 
loped which seems to have inhibited a decline of water levels in the adjacent 
dime. The water-table mound could probably have also inhibited migration 
of seawater into the open pit. (Appendix V) 


13. The wet-vit in Ponce has locally increased the aquifer permeabi- 
lity. As a result, surrounding water levels in the aquifer and in the dime 
have dropped by as much as 3 feet.  (Appendix V). 


14, Mining processes directly affect wildlife habitat and the ecolo- 
gical sucession of plant and animal population: 


a. In Ponce, a productive system in terms of structure and 
function that provided habitat for aquatic, semi-aquatic, and 
terrestrial species was altered. The extraction modified 
and expanded part of the wetland, turning it into feeding 
and nesting areas. Final restoration displaced the species 
found in the wetland, 


b. Althougn the coatal vegetation once present at the Aguada 
site was described by Lugo (1983) as apparently umproductive 
in terms of its low structural complexity, it provided sta- 
bility to the beaches and dunes, Using adjacent areas exhi- 
biting similar pre-mining conditions for comparison, it can 
be determined that fama species present in the extracted 
area previous to mining was scarce. Naturally revegetated 
extraction sites became a source of food and attracted an 
increased number of terrestrial species. Final restoration 
displaced the species found in the extracted area, 


c. The Camuy and Loiza sites, both originally upland systems, 
were tumed into wetland and open-water systems, 


15. Current restoration practices do not incorporate efforts to miti- 


gate loss of fish or terrestrial habitat through either selective planting 
of appropiate species or creation of replacement habitats. 
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16, Wet-pit mining impact on wildlife habitat is site specific and 
is dependant on extraction and restoration procedures. Unless abandoned 
wet-pits are specifically managed to support wildlife, their potential use 
for this purnose will be greatly reduced, 
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RECOMMENDATIONS 


In Puerto Pico, the emphasis on construction presses the aggregate 
production industry for continued supply of prime material, Coastal zone 
deposits are exploited to satisfy the demand for sand. Since availability 
of inland deposits above the water-table have been almost exhausted, mining 
practices have extended below this level, Because there exists a signifi- 
cant untapped sand reserve below the water-table, it is expected that future 
resource demand will require the mining of these deposits. Therefore, to: 
(1) better evaluate extraction applications, (2) understand the overation's 
potentially adverse environmental effects, and (3) minimize coastal zone 
impacts, the implementation of the following recommendations to sustain, 
modify or supplement current regulations are strongly suggested: 


1. Pertinent application requirements for this type of overation 
should be formulated by an interdisciplinary Puerto Rico Department of Natu- 
ral Resources (PR DNR) canmittee and added to the existing mining regulation. 


2. With the objective of evaluating site conditions for mining 
(resource availability and potential impact) the following should be required 
from.an extractor. 


a. A detailed minining plan that included procedures for mining, 
backfilling and restoration. 


b. A topographic map preferably at a scale of 1:500 with 0,3m 
contour intervals, which includes representative cross sections. 
Existing land levels, proposed mining and restoration levels should 
be clearly indicated. 


c. Representative boring profiles with lithologic descriptions and 
water-table levels. marked. The following guidelines for borings are 
suggested by Morris, (1985): 1. distance between borings should 
not be greater than 100m and 2. the depth of the borings should be 
twice that of the provosed wet-pit, or deep enough to reach a hard 
or impermeable layer (whichever occurs first). 


d. A hydrologic/hydraulic study of the proposed extraction site 
should be submitted as required under Planning Board Regulation 
Number 13 (Flood-Prone Areas). The study should indicate potential 
chamges in: regulatory (100-yr) flood level, localized surface drai- 
nage, storm wvave-swash, and subsurface hydrology, in response to the 
proposed mining and mitigation prodecures; 


e. The location of any existing fresh water wells within a radius 
of 500m from the extraction site should be indicated. If the wells 
are active, it should be shown that the mining activity will not 
adversely affect the well's water quality, particularly as a result 
of salt water intrusion toward the wet-pits (Morris, 1985). 


£. Samples of the materials to be mined as well as that proposed 
for backfill, with data on their respective hydraulic properties. 
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3. Simple monitoring wells should be installed in a site to observe 
gromd-water conditions before, during and after mining. 


4. Extractions below the water-table should keep a significant 
buffer zone surrounding mangrove and dunes. Regions farther inland from 
the coast are more appropiate for mining. 


5. As a general guideline, Morris (1985) suggest that the cross 
section of sand parallel to the coast available for groud-water flow 
should not be reduced by more than 50%. This implies that if: (a) continuous 
wet-pits are developed in these areas their depth should not exceed more 
than 50% of the potential sand reserve; (b) individual wet-pits are to be 
developed, their total surface area should not occupy more than 50% of the 
length of the existing land strip parallel to the coast. Both of these 
management approaches require an up-to-date inventory of wet-pit distri- 
bution to determine when a given inland reach has been sand-mined to capa- 
city under any of these criteria. 


6. Systematic field evaluations should be conducted by trained per- 
sormel to verify operational procedures and enforce the established regula- 
tions. 


7. As in similar extraction activities elsewhere (DuBois and Towle, 
1985), pre- and post-mining site surveys and impact assessments should be 
required for all sites. 


8. It is recommended that wet-pits be backfilled as a step towards 
re-establising previous ground-water flow conditions, Backfill material 
used should have hydraulic properties similar to the original extracted sand 
in order to minimize distortion in ground-water flow patterns, Wet-pits should 
also be backfilled and the mining site restored for safety and land recla- 
mation reasons. If wet-pits are to be left open, they should be managed to 
support wildlife and/or safe recreational envirorments. 


9. PR DNR should establish criteria to define restoration procedures 
according to projected land uses. Site specific evaluations should be conduc- 
ted to determine the most appropiate final land levels compatible with future 
developments, based on requirements of law and interagency agreements. 


10. Restoration should meet the following objectives, among others 
(Morrison, 1982): 


(a) Prevention or reduction of wind and water erosion; 
(b) Provision of food and cover for a variety of animal species; 


(c) Improvement of the visual or aesthetic quality through refo- 
restation. 


11. Due to the high cost and intended purpose of the Performance Bond, 


PR DNR should take measures to execute the bonds to assure adequate restora- 
tion of extraction sites. Otherwise, this requirement becomes academic. 
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12. Monitoring should be continued in the active operations where 
test wells have been installed. This would provide additional data on 
ground-water behaviour as mining progresses; 


13, Findings from this study provide valuable information on coastal 
zone wet-pit mining impact. Systematic observations should be continued in 
order to compile a reliable data bank on potential and observed local 
environmental impacts. Evaluation of immediate, long-term, and cunmulative 
effects can then be used to prepare tecmically and politically objective 
public policy strategies. 
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FIG.4. LOCATION OF CAMUY SITE (PIT NO. 7) 
(U.S.G.S. 1972.) 
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SOL MAP of cAMUY SITE (PIT NO. 7) 


ATLANTIC OCEAN 


Qe, 


GEOLOGIC MAP OF CAMUY SITE (PIT NO. 7) 


FIG.5. SOIL AND GEOLOGIC MAPS OF CAMUY SITE. 
(S.C.S.1982; Monroe, W.H. 1963.) 
(Key to symbols: Appendix VI) 
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FIG.8. LOCATION OF AGUADA SITE (PIT .NO.9) 
(U.S.G.S. 1960.) 
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FIG.9. SOIL AND GEOLOGIC MAPS OF AGUADA SITE. 
(S.C.S. 1975; Monroe, W.H. 1969) 
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SOIL MAP OF PONCE SITE (PIT NO, 16) 
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FIG.13. SOIL AND GEOLOGIC MAPS OF PONCE SITE 
(S.C.S. 1979; KRUSHENSKY, R.D. AND 
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TABLE 1 - LIST OF INVENTORY SITES AND WET-PIT STATUS CODE (*) 


PIT NUMBER LOCATION 
la RIO GRANDE 
2A LOIZA 


3A 


(NORTH-EAST PIT) 


LOIZA 
(NORTH-WEST PIT) 


LOIZA 
(SOUTH PIT) 


LOIZA 


SELECTION CRITERIA(*x*x) 


1.LOCATION (NORTH- 


EAST COAST) 
2.ABANDONED OPEN PIT 
. FOR APPROX. 20 YEARS 


3.ADJACENT TO REMNANT DUNE 


. 4,EXTREMELY LARGE AREA 
. 5.RECREATIONAL USE 


1.CURRENTLY BEING USED 
FOR RECREATIONAL PUR- 
POSES 

2.WILDLIFE HABITAT 
(ENDANGERED AND PROTEC- 
TED SPECIES OBSERVED) 


(MOST SOUTHERN PIT) 


LOIZA 


(PIT SOUTH OF LOIZA 
WASTE TREATMENT PLANT) 
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TYPE OF STUDY 


FILE 


FLORA, 
FAUNA AND 
USES 

FILE NOT 
AVAILABLE 


FLORA, 
FAUNA AND 
USES 

FILE NOT 
AVAILABLE 


FLORA 
FILE NOT 
AVAILABLE 


FILE NOT 
AVAILABLE 


FILE NOT 
AVAILABLE 


TABLE 1 (CONT.) 


PIT NUMBER LOCATION SELECTION CRITERIA(**) TYPE OF STUDY 


Ta CAMUY 1.LOCATION (NORTH COAST) DETAILED 
(EAST PIT) 2.ABANDONED OPEN PIT (+kk*) 
3.FILLED PIT 
4. TYPE OF BACKFILL MATERIAL 
(CRUSHED LIMESTONE) 
5.ADJACENT TO UNMINED AREA, 
PROVIDING A POSSIBLE CON- 


TROL SITE 
8A CAMUY FLORA 
(WEST PIT) 
90 AGUADA 1.LOCATION (WEST COAST) DETAILED 
2.ACTIVE OPEN PIT BEING (***x) 
BACKFILLED 
3.TYPE OF BACK FILL MATE- 
RIAL (LIMESTONE) 
4 .UNMINED AREAS PROVIDING 
DETAILED COMPARISON IN- 
FORMATION 
106 RINCON FILE 
110 ANASCO FILE 
12A ANASCO FILE 
130 ANASCO FILE 
l4a ANASCO FILE 
154 ANASCO FILE 
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TABLE 1 (CONT. ) 


PIT NUMBER LOCATION SELECTION CRITERIA(**) TYPE OF STUDY 
160 PONCE 1.ELOCATION (SOUTH COAST) DETAILED 
2.ACTIVE OPEN PIT WITH (RH) 


BACKFILL IN PROGRESS 

"3. TYPE OF BACKFILL MATE- 
RIAL (CRUSHED SERPEN- 
TINITE AND LIMESTONE, 
CEMENT POWDER, CONS- 
TRUCTION DEBRIS, SOLID 
GARBAGE, JUNK) 

4 .ADJACENT TO SEA, MAN- 
GROVE AND SALT FLATS 

5 .EXTRACTION AND PROCES- 
SING SITE IN WETLAND 


AREA 
170 PONCE FILE 
180 PONCE FILE 
190 PONCE FILE 
20 A GUAYANILLA FILE NOT 


AVAILABLE 


(*) STATUS CODES: A Abandoned Wet-Pit (Open) 
O Active Wet-Pit 


eo Filled Pit 
(**x) APPLIES TO SITES SELECTED FOR INDIVIDUAL MONITORING 


(**xx*) SEE APPENDIX IV 
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TABLE 2 - FIRST PERMIT DATE AUTHORIZING WET-PIT EXTRACTION 


PIT NUMBER FIRST PERMIT DATE 

1 1983 
2 *DECADE OF 1960 
3 " 
4 " 
5 “ 

6 *BETWEEN 1972-77 
7 1979 
8 1981 
9 1983 

10 1985 

11 1983 

12 1982 

13 1983 

14 1982 

15 1981 

16 1978 

17 1987 

18 1987 

19 1987 

20 *DECADE OF 1970 


(*) File not available 
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ALTERNATIVAS DE MANEJO PARA EL SAPO CONCHO 
DE PUERTO RICO '(PELTOPHRYME LEMUR) EN EL 
BOSQUE ESTATAL DE GUANICA. 


Miguel Canals Mora 
Departamento de Recursos Naturales 


RESUMEN 


En el 1984 5e encontró una población de Peltophryne Lemur 
(Cope, 1868) en el Bosque Estatal. de Guánica. Actualmente es 
La mayor población que ¿e conoce en Puerto Rico. Estimados pre- 
Liminares ¿ndican un número aproxámado de 1,000 individuos de 
P. Lfemur Los cuales se reproducen en La Laguna Estacional de 
Playa Tamarindo durante La temporada de Lluvia. 


Durante Los últimos cuatro años se han tomado medidas para 
evitar perturbaciones ambientales que puedan alteran el hábitat 
de P. Lemur en Guánica, Entre éstas se destacan: cambios en La 
- hidrología de La Laguna, instalación de bamernas para impedir el 
paso de vehículos de motor al ánea de reproducción, evitan el 
desyerbo de vegetación al final de la Carnetera $333, reforestar 
áneas aledañas, vigilancia especial para evitan la extracción 
¿legal de arena, proveer áneas de sombra para Los juveniles y 
disminuir La población de Bufo marinus . 


Otias altermatíivas de manejo son: ordenar el uso público 
en Tamarindo, continuar programa de reforestación, aumentan vágA- 
Ltancía dwunte reproducción, el cime de La Canmetera $333 desde 
La Esquina Este de la Bahía Ballenas durante el perntodo reproduc- 
tivo, ¿introducir juveniles de P. Lemur en otros Lugares del Bosque 
de Guánica, proteger La duna de arena en Tamarindo, y la preparna- 
ción de un Plan de Manejo a largo plazo. 
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EL PROBLEMA DEL "POLVO FUGITIVO" EN GUAYANILLA 
ACCION TOMADA PARA ELIMINAR UN SERIO PROBLEMA AMBIENTAL 


Rubén Padrón, Miguel Canals - Justo Méndez 
Departamento de Recursos Naturales 


RESUMEN 


El nombre "polvo fugátivot se origina del material partí- 
culado aéreo que se eleva como resultado de La acción del viento 
desde un área de depósito de material de dragado de unas 175 
cuerdas y Luego es transportado a los Bamuos Verdúm e Indios, 
Indios Awriiba y Piedra Blanca de Guayanilla. 


Como resultado de este material particulado aéreo depos4- 
tándose en estas comunidades los residentes del Lugar estuv£eron 
afectados por problemas respiratorios, enfermedades de La piel y 
La garganta, deterioro de 5us residencias y equipos domésticos y 
disminución en el valor de sus propiedades dwrante Los últimos 
diez y ses (16) años, 


En el 1986 el Departamento de Recursos Naturales. comenzó a 
tomar acción sobre el problema designando especialistas del Area 
Forestal para formular un plan de trabajo con carácter inmediato. 
Debido a que ésta es La primera vez que e ¿ntenta recuperar un 
ánea de depósito de dragado de esta magnitud no había precedente 
respecto a Las técnicas a utilizamse. Se adoptó el método de 
utilizar Los procesos de dinámicas de sucesión ecológica en áneas 
de salítral como La introducción de especies residentes a con- 
centraciones altas de sales, La construcción wviifiícial. de dunas, 
cambios en La hidrología y el depósito de material de aluvión. 


Actuatmente el "polvo fugitivo" ha sido controlado y se ha 
establecido una fauna canactertstica de salitrales. Recomendamos 
un mantenimiento y monitornía por Los próximos dos (2) años hasta 
que 5e desarmolle una capa vegetativa de sucesión secundaria en 
toda el ánea, 
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PROGRAMA DE CONTROL POBLACIONAL DE CAIMANES 
(Caiman crocodylus fuscus) EN LAGUNA TORTUGUERO: 
FORME DE JUNIO 1985 A FEBRERO 1987 


_ Rolando Santos Reyes 
Departamento de Recuwmos Natwiales 


RESUMEN 


Desde comienzos de La década del setenta (70) se ha venido 
reportando La presencia de caimanes en Las ¿nmediaciones de La 
Laguna Tortuguero. La procedencia de estos reptiles es <ncíenta, 
pero se cree que fueron introducidos accidentalmente mediante La 
compra y venta de caímanes en nuestros mercados. El Departamento 
de Recursos Naturales consideró la enmadicación de esta especie 
en novcembre de 1982, pero no fue hasta junio de 1985 que 5e 
comenzó un plan de control de población. Debido a Los hábitos 
noctummos del caimán, éstos se contaban y/o 4e cazaban durante 
á¿ncursiones noctumnas. Se dividió La Laguna en 9 (nueve) esta- 
ciones o sectores para obtener ¿nformación sobre La distribución, 
densidad y mobilidad de Los caimanes a través del man. Se utí- 
Lizaron métodos de captura para considerar cuál de éstos ena el 
más eficiente. la población establecida concuerda con Los ta- 
maños y peso promedio para la subespecie encontrada en Sur Ámerica. 
Log caimanes capturados se clasificaron en clases establecidas 
por Ayarzazuena (1983), a saber por su Longitud cabeza- cloaca 
(LCC): CLASE 1 (ICC -20 cm), CIASE 11 (20 cm LCC 60 cm), CLASE 111 
(60 am LOC 90 cm), CIASE 1U [ CC 90 om). Estas clases de divi- 
dieron en categorntas de 10 cm. De una muestra de 136 ¿ndividuos, 
42.5% fueron individuos pertenecientes a La Clase 1, seguidas por 
La Clase 11 con un 39,5%. Las proporciones de Los sexos de todos 
Los individuos mayores de 30 cm (ICC) indican que Los machos están 
en una proporción de 2:1. Las hembras en La categonía de 60-69.9 cm 
forman el grueso de Las. hembras con 44.4%. 


Individuos mayores de 20.0 cm fueron todos machos, Lo que 
marca un dimorfismo sexual en individuos adultos de gran tamaño. 


El promedio de caimanes observados por estación fluctúa entre 
1.5 a 6.1 caímanes por estación, siendo la estación 1 [litoral Este 
de La laguna) donde encontramos el mayor número de individuos. Las 
proporciones entre La Laguna Grande y La Laguna Pequeña no 5e desvían 
apreciablemente de una razón de 1:1, ¿gual para el Lado nonte y 
Lado sun de La Laguna Grande. Sín embargo, en La Laguna Pequeña 
encontramos que el fado norte de esta sección de La laguna tenía 
una razón de 2:1 con el Lado sun. Encontramos una densidad promedio 
de-2:2 caimanes por kilómetro de orilla esconmída, con una dénsidad 
máxima de 5.0 caimanes por kilómetro y una mínima de 1.1 caimanes 
por kilómetro de orilla. | 
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INVENTARIO NACIONAL DE TERRENOS ANEGADIZOS . 


Manuel del Llano 
Departamento de Recursos Naturales 


RESUMEN 


El Inventario Nacional de Temenos Anegadízos se empezó 
en el año 1981 mediante una propuesta que se Le hizo a N'OA A 
(National Oceanic and Atmospheric Administration) para definir 
el término tennenos anegadízos (Wetlands). Como resultado de 
esta propuesta se preparó una Guía para Los Ternnenos Anegadízos, 
un Libro fotográfico de Plantas de Tenmenos Anegadizos y una 
guía para La fotoínterpretación. 


Posteriormente, en 1983 mediante un acuerdo cooperativo 
entre el Departamento de Recursos Naturales, División de In- 
ventanío Científico y el "National Wetlands Inventory (MI) " 
del Servicio de Pesca y Vida Silvestie de Los Estados Unidos, 
¿e empezó hacer Los mapas del Inventario Nacional de Ternenos 
Anegadizos. Estos mapas 5e prepararon usando fotografías 
agreas inframojas de gran altitud. Los mapas proveen infor- 
mación acerca de La Localización, extensión, suelos, plantas, 
animales, e hidrología entre otras cosas. Los mapas que se 
produjeron son de una escala de 1:20,000. Actualmente nos 
encontramos en La parte final del proyecto y esperamos tener 
Los mapas en 5u forma final para mediados del año 1988. 
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PERIODOS DE CRECIMIENTO HIPOTETICOS EN 
BOSQUES NATURALES DE LA SIERRA DE LUQUILLO 


Frank H, Wadsworth 
, USDA Forest Service 
Insiutute 04 Tropical Fonestiy 


y 


Julio C. Figueroa Colón . 
Department 04 Blologícal Screncits 
Universáty of Stínliag 


RESUMEN 


Estudios de sobre 36 años de cnecimiento en 512 árboles 
en bosques mixtos, su Tropicales muy húmedos Y pluviales en 
Puerto Rico, sugieren que Las tazas de incremento en área basar 
observados pueden no diferir, signigicativamente del Aiecámiento 
obtenido por Estos antes del período de estudio. Períodos de 
crecimiento hipotético fueron denivados dividiendo La medida 
inicial de área basal del tarro (1946), pon La Laza promedio 
de incremento del primer tenajo del pertodo de medición (1949- 
1958). Una amplía Mstiibución de pertodos de crecimiento 
Pertodos de crecimiento derivados indicaban COMÉLNZOS en esto 
$tgto, aparentan cometación con ea ocumentíl de huracanes 
BGM fácativos , | 
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